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1.0  BACKGROUND.  Adnlnlatratlon  of  250  ug  of  Bordattlla  poftuaaia  vaccina  (BPV)  to 
alca  intraparitonaally  (l.p.  >  randara  tha  aniaala  raalstr.nt  to  a  lathal  doaa  challanga 
of  aouaa  adanovlrua. (HAdlgtA)  7  daya  aftar  traataant  (1).  A  alallar  activity  had  baan 
r^portad  vlth  typa  1  harpaa  alaplax  waa  uaad  aa  tha  chalianging  virua  (2).  Thaaa 
obaarvationa  providad  tha  background  lor  tha  objactlvaa  of  idantifying  tha  aolacula  or 
coaplax  of  aolaculaa  in  g.  Dartuaaia  that  Inducad  raaiatanea  to  a  HAdlpti  challanga 
and  charactarizing  thair  aachaniaa  of  action.  Invaatlgatlon  of  thia  aolacula  or 
coaplax  of  aolaculaa  vlll  laad  to  a  battar  undaratandlng  of  iaaunoaodulation  and 
nonapaclfic  raaiatanea  aachanlaaa. 

1.1  FIRST  CONTRACT  YEAR  <3>.  Wa  aatabliahad  that  tha  antiviral  activity  of  BPV  vaa 
not  aaaociatad  vith  a  givan  phaaa  or  atraln  of  B.  partuaaia.  but  vaa  aaaoulatad  vith 
aany  atraina,  including  phaaa  I  and  phaaa  IV  atraina.  Acallular  fractlona  of  B. 
partuaaia  daaonatratad  antiviral  activity.  Acallular  fractlona  includad  a  1.0  H  NaCl 
axtract  of  vhola  calla  (producad  by  Or.  R.  D.  Laason,  Connaught  Laboratoriaa,  Inc., 
Svlftvatar,  PA),  a' call  aurfaca  polyaaccharida  raaovad  froa  vhola  calla  by  ahaaring  in 
a  Waring  blandar,  and  llpopolyaaccharida  (LPS)  axtractad  by  tha  phanol-vatar  aathod  of 
V»atphal.  All  of  thaaa  fractlona  containad  andotoxln  aa  datactad  by  tha  Liaulua 
aaoabocyta  aaaay. 

1.2  SECOND  CONTRACT  YEAR  <4).  Va  aatabliahad  that  an  acallular  fraction  of  B. 
partuaaia  ( Bolvln  antigan  axtractad  In  2.5  X  trlchloroacatlc  acid  froa  vhola  calla) 
Inducad  raaiatanea  to  aouaa  adanovlrua  Infactlon.  Doaaa  in' tha  ranga  of  20  ug 

t approxlaataly  0.9  ag/kg)  Inducad  raaiatanea,  vharaaa  doaaa  in  tha  r^n^ja  of  2.0  ug 
( approxlaataly  .09  ag/kg)  inducad  raaiatanea  vhan  adaorbad  to  alua. 

Llpopolyaaccharida  axtractad  froa  bolvln  antigan  by  phanol*vatar  praclpltatlon  of  tha 
protalna  Inducad  raaiatanea  alao.  Slailar  concantratlona  of  gliding  bactarla  adjuvant 
(providad  by  Dr.  Vllllaa  R.  Uaingar)  did  not  Induca  raaiatanea.  Bolvln  antigan 
conaiatad  of  5-7  aajor  protalna  (datactad  by  SDS-polyacrylaaida  gal  alactrophoraaia 
and  PAGE  blua  83  atainlng  >  and  llpopolyaaccharida  (datactad  by  SDS-polyacrylaalda 
gal  alactrophoraaia  and  ailvar  atainlng).  Bolvln  antigan  vlll  ba  daalgnatad  haraaftar 
as  EP'LPS,  l.a. ,  co-axtractad  andotoxln-aaaoclatad  protalna  and  llpopolyaaccharida. 

Tvo  dlaanalonal  polyacryl aalda  gal  alactrophoraaia  Indlcatad  that  savaral  of  tha 
protalna  of  EP-LPS  vara  not  cloaaly  aasoclatad  vith  tha  LPS.  Hovavar,  Wastarn  blot  of 
tha  tvo  dlaanalonal  gala  ravaalad  aavaral  ainor  protalnf  that  vara  laaunodoalnant 
•ntlgana  and  that  appaarad  to  ha  aasoclatad  vith  at  laaat  a  portion  of  tha  LPS 
J  r  act  ion. 

2.0  THIRD  contract  YEAR. 

2.  I  CQMTIHUED  VIRUS  PROTECTION  STUDIES  OF  F.P  AND  LPS  DERIVED  FROR  EP-LPS  BY  THE 
^MFNOL-WATER  HETHOD.  Dr.  Barnat  Sultrar,  Dovnstata  Hadictl  Cantar,  SUMY,  aaparatad 
rP  LPS  into  EP  and  LPS  ualncj  phanol-vatar  precipitation. of  tha  protalna  (4).  Ovar  a 
'.iPfiod  of  tlaa  tha  LPS  praparatlon  appaarad  to  losa  potancy.  'Our  inital  axpariaants 
Praonst ratad  activity  rapaatably  at  a  doaaaqa  of  20  ug>  hovavar,  vubaaguant  . 
axoarlaanta  daaonatratad  activity  only  at  hi  gar  doaaga,  l.a.,  90  -  IfiO  ug  (Tabla 
1.1).  Tha  LPS  vaa  storad  at  4*  C  and  tha  chaalcal  charactar  latlcs  of  tha 
preparation,  auch  aa  aicalla  sira,  aay  Sava  rhanqad  or  tha  aolacula  may  hava  suffarad 
■jI  ,'C.ha'ai  :al  dagradatlun.  A  poanihla  rola  of  EP  ray  ba  tha  atabtl  1  rat  ion  of  tha  LPS 
ni'ilaty  in  an  activa  configuration  ovar  a  long  partod  of  atoraga.  Raconatltutlcn  of 
‘  f»  laparatad  andotox  In  -  aasor  i  a*  ad  protalns  and  LPS  fallad  to  rt.'turn  activity  (Tabla 
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Finally,  a  prot»ctiv*  activity  of  th*  Alhydrogel  va*  noted  in  several  experiaents.  At 
approxiaately  the  same  tiae  Dr.  P.  S.  Horahan,  Medical  College  of  Pennsylvania,  also 
noted  protective  activity  using  th*  ease  lot  of  Alhydrogel  in  a  herpes  siaplex  virus 
infection  aodel  (personal  coaaunication).  Ve  could  not  detect  bacterial  or  endotoxin 
contaaination  in  this  lot  of  Alhyrogel.  Due  to  the  interaltent  protective  activity  of 
Alhydrogel  and  coaaunication  with  Dr.  R.  Boaford,  Vellcoa*  Research  Laboratories, 
England,  concerning  iaaunoaodulaticn  by  alua  (5),  v*  have  discontinued  the  us*  of  this 
coaponent  in  our  experiaental  protocols.  In  an  attespt  to  find  an  EP-LP5 
potentiating  agent  to  replace  alua  ve  tested  a  coabination  of  block  copolyaers 
(copolyaers  of  blocks  of  hydrophobic  polyoxypropylen*  and  hydrophilic  polyoxyethylene) 
that  has  adjuvant  and  inflaaaatory  activity  (6).  Block  copolyaers  L121  and  TlSORl  and 
EP-LPS  in  coabination  deaonstrated  antiviral  activity:  however,  auch  to  our  supris* 
the  coabination  of  block  copolyaers  L121  and  TlSORl  deaonstrated  antiviral  activity  > 
also  (Table  2.1.3).  Subjectively,  the  group  of  sic*  treated  with  block  polyaers  alone 
exhibited  aore  signs  of  disease,  i.e. ,  rough  fur,  hunched  back,  and  huddling,  but 
health  returned.  Future  studies  of  EP-LPS  iaaunoaodulation  will  include  cosparison  of 
block  polyaer  antiviral  activity. 


Table  2.1.1.  Dose-Response  of  LPS  Extracted  Froa  EP-LPS. 


Treataent* 


Experlaent  1‘ : 

EP-LPS,  40  ug/al 
EP-LPS,  4.0  ug/al 
EP-LPS,  0.4  ug/al 
Alhydrogel 

Experlaent  2: 

EP-LPS,  40  ug/al 
EP-LPS,.  4.0  ug/al 
Alhydrogel 

Experlaent  3: 

EP-LPS,  160  ug/al 
EP-LPS,  80  ug/al 
EP-LPS,  40  ug/al 
A J  hydrogel 


Mortality* 

(deaths/total) 


9/10 

ll/ll 

10/10 

10/10 


9/9 

10/10 

9/10 


I 


4/10 

1/10 

6/10 

6/10 


•  EP-LPS  «as  suspended  in  alua  at  a  concentration  of  l.O  ag/al  and  the  designated  dose 
In  0.5  al  of  endotoxin-free  vater  was  injected  i.  p.  into  C3H/HeN  aice  7  days  prior 
to  challenge  vlth  HAdlpt4  (3.2  LD**,  Exp.  1  and  2;  3.1  LDt«  Exp.  3) 

•  joaths  vere  recorded  dally.  All  aice  died  within  3  to  11  days  after  Infection. 

'  deported  previously  (4).  ' 
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Tabl*  2.1.2  Reconstitution  of  EP-LPS 


Treatsent* 


le  ug  EP 
8  ug  EP 
4  ug 
2  ug 


16  ug 
8  ug  LP5 
EP  ♦  4  ug  LPS 

EP  ♦  2  ug  LP! 


EP  (endotoxin'  as4 
cbncentratlon  of 


Alhydrogel 

Alhydrogel 

Alhydrogel 

Alhydrogel 


Mortality* 

(deatha/total) 

10/10 

9/10 

10/10 

10/10 


lociated  protein  and  LPS  were  each  suspended  in  alua  at  a 
1.0  sg/al.  Incubated  at  2S*C  for  30  sin,  diluted  in  endotoxin-free 
water,  and  the  designated  dose  in  0.5  *1  was  Injected  l.p.  into  C3H/HeH  sice  7  days 
prior  to  challenge  with  HAdlgt4  f3.2  LDt»,  Exp.  1  and  2;  3.1  LDi»,  Exp.  3) 

Deaths  were  recorded  dally.  All  sice  died  within  3  to  11  days  after  infection. 


Table  2.1.3.  Potentiation  of  EP-LPS  Antiviral  Activity  by  Block  Copolyaers  L121  and 
T150R1 


Treatsent* 


None 

10  ug  EP-LPS 

10  ug  EP-LPS  ♦  5 
1.25  ag  L121  1. 


ul 

2b 


Drakeol  * 
sg  TlSORl 


Mortality* 
(Peaths/Total ) 

9/10 

10/10 


0/10 


3  ul  Drakeol  «  1.25  ag  L121 
1.25  ag  T150RI 


0/10 


*  EP-LPS  alone  waal  resuspended  in  endotoxin-free  PBS  containing  0.  2X  Tween  .0.  EP-LPS 
was  coabined  with  drakeol,  L121,  and  T150R1.  The  aaterials  were  aixed  thoroughly 
using  a  Kontes  disposable  aicropestle  and  aortar.  A  unifora  eaulsion  was  foraed  by 
adding  endotoxlr -free  PBS  containing  0. 2X  Tween  80  and  aixing  in  the  aicroaortar. 

The  eaulsion  < 5C  ul)  was  Injected  iaaediately  i.p.  into  C3H/HeH  aice  7  days  prior  to 
challenge  with  NAdlo^A  <5.7  An  eaulsion  of  the  block  polyaers  alone  was 

■foraed  in  the  aaae  aanner. 

•  Deaths  were  recorded  dally.  All  alee  died  within  3  to  12  days  after  Infection. 
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2.2  ADDITIONAL  BIOCHEMICAL  CHARACTERIZATION  OF  EP-LPS.  An  attsspt  was  sada  to 
separate  EP-LPS  into  a  protein  and  lipopolysaccharide  fractions  under  nondenaturing 
conditions  using  gel  filtration.  Ultrogel  AcA  34  separates  proteins  in  the  range  of 
20,000  -  300,000  molecular  weight.  Under  nondenaturing  conditions  sajor  peaks  of 
protein  were  associated  with  LPS  (Figure  1).  These  data  support  our  previous  findings 
using  two  dlsensional  gel  electrophoresis  and  Vestern  blot  (4).  Pools  of  fractions 
21-34,  35-4,  48-100  were  lyophilized.  Recovery  of  aaterial  from  the  column  was  poor 
and  was  insufficient  to  test  in  the  HAdlgt4  Infection  model.  We  will  proceed  to 
separate  all  detectable  protein  from  LPS* in  the  EP-LPS  complex  by  isoelectric 
focusing.  Or.  David  Morrison,  University  of  Kansas  Medical  Center,  Kansas  City,  KS 
has  agreed  to  separate  the  EP  and  LPS  in  preparative  quantities  on  his  newly  developed 
isoelectric  focusing  apparatus.  The  separated  fractions  will  be  stored  in  a 
lyophilized  state  until  Issediately  before  testing.  Testing  of  the  highly  purified 
fractions  will  answer  definitively  whether  all  of  the  antiviral  activity  resides  in 
the  LPS  moiety  of  EP-LPS.  In  addition.  Dr.  B.  Sultzer,  Downstate  Medical  Center 
SUNY,  has  developed  a  technique  for  separating  two  species  of  LPS  derived  from  B. 
pertusals  and  has  reported  differing  Immunomodulatory  activities  for  each  species 
(personal  cosmunication).  We  have  acetone-dried  approximately  200  g  of  B.  pertusnis 
cells  and  Dr.  Sultzer  is  currently  extracting  the  two  species  of  LPS.  We  vi^  test 
tho  antiviral  activity  of  each  LPS  species  when  it  becomes  available^ 


Figure  1.  Protein  and  Endotoxin  Profile  of  EP-LPS  Chroaatographed  on  an  Ultrogel 
AcA  34  Column. 


Ql _ I _  “  _ _  I—-.,...  -  iMjUii  i  1  MM  ■ _ 

0  20  40  60  80  100 

FRACTION  NUMBER 


tP-LPS  (1.0  »q )  vaa  applied  to  an  Ultrogel  AcA  34  colusn  (1.0 
ca  X  50  cm)  in  ^ndotoxln-^'ree,  azide-free  PBS,  pH  7.2. 
Frictions  i approxiaately  10  ml)  were  collected  and  asaaypd  for 
the  pr'»3ence  of  LPS  CLiwulus  aaoebocyte  assay,  (7)]  and 
protein  (fluorescaaine  assay,  (8)). 
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2. 3  DCVCLOPRENT  OF  RESISTANCE  TO  VIRUS  INFECTION  AFTER  EP^LPS  TREATMENT.  The 
protective  effect  of  BPV  appears  five  days  after  treatsent  and  susceptibility  returned 
to  a  portion  of  the  test  population  after  35  days  (10).  The  protective  effect  of 
EP-LPS  appeared  tvo  to  three  days  after  treatsent  (Table  2.3.1).  EP-LPS  say  not 
require  the  extent  of  processing  that  whole  cell  BPV  would  require  to  release  the 
active  antiviral  substance  and  consequently  the  extracted  saterial  can  iaaunosodulate 
the  aniaal  in  a  shorter  tlae  period.  In  addition,  the  EP-LPS  Induced  antiviral  state 
may  decay  sore  rapidly  than  BPV  induced  resistance. 


Table  2.3.1.  Kinetics  of  Resistance  to  Virus  Challenge  After  EP-LPS  Treataent. 


Treatment* 


Mortality* 

(deaths/total) 


Experlaent  1: 


Day  0  5/5 

Day  -3  1/10 

Day  -5  4/10 

Day  -7  2/5 

Day  -10  1/5 

Endotoxin-free  PBS  5/5 

Experlaent  2: 

Day  0  5/5 

Day  -1  8/9 

Day  -2  4/10 


*  EP-LPS  was  suspended  in  endotoxin-free  PBS  at  a  concentration  of  1.0  ag/al  and  50  ug 
in  0.5  ml  vas  injected  i.  p.  into  C3H/HeH  vice  on  the  day  indicated  prior  to 
challenge  with  MAdlDt4  (5.7  LDt* ). 

*  Deaths  were  recorded  daily.  All  nice  died  within  3  to  li  days  after  infection. 


2.4  COMPARISOH  OF  THE  ANTIVIRAL  ACTIVITY  OF  Bordetella  jertuasls  AND  Eacherlchla  coJi.' 
Previous  studies  comparing  LPS  derived  from  E.  coll  and  B.  pertussis  denonstrat r-d  that 
B.  pertussis  derived  LPS  was  unique  in  Its  ability  to  induce  an  antiviral  state 
(3,11).  Bolvln  antigen  prepared  from  E.  coll  (EP-LPS/EC)  did  not  Induce  resistance  to 
a  aouse  adenovirus  challenge;  however,  a  whole  cell  vaccine  induced  teslstance  (Table 
2.4.1),  These  data  suggest  that  components  of  the  whole  bacterial  ceil  other  than  the 
LPS  Bolety  can  induce  reaistance  to  a  mouse  adenovirus  challenge. 

2.  5  BPV  TREATMENT  AND  PERITONEAL  CIRCULATION.  One  possible  aechanlsm  of  reaistance  to 
virus  challenge  following  BPV  treatment  le  the  blockage  of  peritoneal-blood 
circulation  by  an  inflammitory  response.  Our  previous  studiea  indicated  that  MAdlpt4 
appeared  in  ihe  circulating  blood  5,0  min  after  1. p.  injection  (3).  BPV-treatment  did 
not  impair  the  circulation  of  '••I-labeled  proteins  froa  the  peritoneum  to  the 
circulating  blood  (Table  2.5.1).  The  percentage  of  label  appearing  in  the  circulating 
blood  after  l.p.  inoculation  correlated  well  with  the  percentage  of  vlrua  appearing  In 
the  clrcula*ing  blood  after  l.p.  inoculation  as  observed  previoualy. 
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Tl')!#  2.4.1.  Antiviral  Activity  of  g.  coli  and  partusaia  Bovin  Antigana 


Mortality* 

Traataanf _ _  (daatha/total) 


Expariaant  1 : 

E.  coli  201  boivin  antigan,  SO  ug  '  S/S 

oartuBoia  bolvin  antigan,  SO  ug  3/S 

Endotoxin-fraa  vatar  S/S 

Expariaant  2: 

E.  coli  201  vaccina,  2S0  ug  0/10 

E.  coli  410  vaccina,  2S0  ug'  0/10 

Salina-aarthiolata  diluant  7/10 


*  Tha  daaignatad  dosa  in  0.  S  al  of  andotoxin~fraa  vatar  (Expariaant.  1)  or 
aalina-aarthlolata  diluant  (Expariaant  2)  vaa  Injactad  1. p.  into  C3H/HaN  aica  7  days 
prior  to  challanga  vith  WAdlpt4  (Exp.  1,  7.4  LD**;  Exp.  2,  4.2  LDt») 

*  Daatha  vara  racordad  dally.  All  aica  diad  vithin  3  to  11  daya  aftar  infection. 


Tabla  2. S. 1.  Migration  of  Houaa  Sarua  Proteins  froa  tha 
Blood  After  BPV  Traataant. 

Paritoneua  to  tha  Circulating 

Treataent* 

Houaa 

Radioactivity 
30  aln 

in  tha  Circulating  Blood* 

90  Bin  300  aln 

Kona 

A 

31, 6'65 

134,514 

123, 621 

B 

5,  470 

41,6’.9 

74,  493 

C 

26. 535 

101.933 

97.  736 

average 

21, 223 

92, 687 

98,617 

BPV 

D 

31,035 

57, 244 

28,518 

E 

21,699 

42, 136 

62,  224 

F 

20.915 

56. 767 

81.921 

average 

24, 550 

52, 049 

57,  554 

S« 

G 

12, 340 

28,516 

46,601  ■ 

H 

27, 139 

46,873 

72,  622 

I 

9,  596 

28.  965 

81.180 

average 

16, 525 

34, 786 

66,  868 

•  Dialyzed 

noraal 

aouse  aerua 

proteins  vara  labeled  vith 

‘^*1  using  chloraaine-T. 

Unincorporated  label  vaa.reaoved  by  passage 

of  the  label  proteina  over  a  G-25 

Sephadex 

coluan. 

Mice  vera 

inoculated  1. p. 

vith  1.2  X 

10'  cpa  in  0.  5  al. 

•  Saaplea 

(50  ul) 

vere  reaoved 

bv  retroorbltal  bleeding  at  the  tiaas  designated  and 

the  radioactivity  vaa  deterainad  in  a  gaaaa 

counter. 
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2. 6  IHHUNONODULATION  OF  CELLULAR  ACTIVITIES  FOLLOWING  TREATHENT  WITH  EP-LPS.  Tlia 
white  blood  cells  in  both  the  peritoneus  and  circulating  blood  were  examined  after 
treatsent  with  BPV  and  EP-LPS  to  obtain  an  initial  characterization  of  the  cellular 
changes  that  occur  seven  days  after  issunonodulatlon,  i.  e. ,  the  state  of  white  blood 
cells  at  the  tine  of  virus  challenge.  EP-LPS  treatment  induced  a  decreased  level  of 
leukocytosis  and  elicited  fever  white  blood  cells  in  the  peritoneum,  as  compared  to 
BPV  <Table  2.6.1).  Differential  counts  of  the  the  blood  Indicated  that  BPV  and  EP-LPS 
induced  Increased  numbers  of  different  cell  populations.  The  notable  changes  in 
absolute  counts  induced  by  BPV  ih  the  peripheral  blood  was  an  increase  in  the  numbers 
of  neutrophils,  transformed  lymrhocytes,  and  monocytes,  whereas  the  notable  changes 
Induce  by  EP-LPS  was  an  Increase  in  the  number  of  lymphocytes  (Table  2.6.2).  A 
similar  picture  of  cell  population  changes  was  ootained  in  the  peritoneus  (Table 
2.6.3).  In  addition,  EP-LPS  treatment  appeared  to  deplete  the  monocyte ^macrophage 
population  in  the  peritoneum.  Thus,  the  difference  between  BPV  and  EP-LPS 
imaunomodulation  was  both  quantitative  and  qualitative. 

Activities  of  those  cells  classified  as  lymphocytes  by  the  Wright-Giemsa  stain  were 
examined.  The  spleen  was  used  as  the  source  of  cells.  EP-LPS  treatsent  did  not 
indu-re  a  notable  increase  in  the  number  of  antibody-forming  cells  (IgH)  in  the  spleen 
seven  days  after  treatment  (Table  2.6.4).  EP-LPS  treatment  did  not  induce  a  notable 
increase  in  the  number  of  cytolytic  T-cellS  in  the  spleen  seven  days  after  treatment 
(Table  2. 6.S).  EP-LPS  treatment  induced  a  slight  increase  of  natural  killer  cell 
activity  in  the  spleen  seven  days  after  treatment,  whereas  LPS  derived  from  E.  coli 
decreased  natural  killer  cell  activity  in  the  spleen  (Table  2.6.6)  and  does  not  Induce 
antiviral  activity  (11).  Additional  assay  of  natural  killer  cell  activity  in  the 
spleen  confirmed  only  marginal  increases  following  seven  days  of  EP-LPS  treatment 
(Table  2.6.7).  Natural  killer  cell  activity  appearred  to  be  induced  earlier  th3n 
seven  days  had  decayed  to  nearly  normal  levels  by  this  time  (Table  2.6.8).  Assay  of 
natural  killer  activity  present  in  the  peritoneal  cavity  four  days  after  treatment 
with  EP-LPS  did  not  reveal  increased  activity  (data  not  shown).  Bukovski  and 
covorkers  reported  that  treatment  of  mice  with  anti-asialo  GHl  rabbit  serum  decreased 
the  LO(t  of  mouse  cytomegalovirus  (12).  Using  the  same  conditions,  BPV  induced 
resistance  was  not  abrogated  by  anti-asialo  GHl  serum  treatment  (results  not  shown). 

Activities  and  regulation  of  those  cells  classified  as  macrophages  by  the 
)(r Ight-Giemsa  stain  were  examined.  The  system  chosen  for  study  was  the  activiation  of 
bone  marrow  derived  macrophages.  Bone  marrow  derived  macrophages  can  be  activated  by 
treatment  with  E.  coli  derived  LPS  (LPS/EC)  and  gamma  interferon  to  become  cytolytic. 
Dr.  Paul  A.  LeBlanc  has  demonstrated  that  activated  bone  marrow  derived  macrophages 
can  effect  cytolysis  of  virus  (vesicular  stomatitis  virus)  infected  cells.  LPS/EC 
induces  bore  marrow  derived  macrophages  to  synthesize  Interferon  also.  The  ability  of 
EP-LPS  to  induce  interferon  production  by  bone-marrow  derived  macrophaijes  was 
examined.  Bone-marrow  derived  macrophages  responded  to  EP-LPS  treatment  in  a  manner 
aiicilar  to  LPS/EC  (Table  2.6.9).  However,  the  bone-manow  derived  macrophages  did  not 
respond  to  similar  concentrations  of  EP-LPS/EC.  As  mentioned  previously,  EP-LPS/EC 
did  not  induce  resistance  to  a  MAdlotA  challenge  (Table  2.3.1);  however,  the 
preparation  retained  full  activity  in  the  Llmulue  amoebocyte  assay.  EP-LPS  was  not  as 
effective  as  LPS/EC  in  activating  the  cytolytic  activity  of  macrophages  via  the  gamma 
interferon  pathway  (Table  2.6.10)  and  EP-LPS  did  not  activate  the  cytolytic  activity 
of  wacrophagea  directly.  Incubation  of  EP-I.PS  with  macrophagts  resulted  in  culture 
3UDernatants  that  activated  the  cytolytic  activity  of  macrophages  by  a  pathway 
different  from  LPS/EC  activation  (Table  2.6.11).  Subsequent  experiments  suggest  that 
t.he  EP-LPS  is  activating  the  cytolytic  activity  of  macrophages  directly,  i.e. ,  the 
pre- incubation  with  macrophages  is  not  necessary. 
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Tabla  2. 6. 1  Leukocytoala  af tar  Traataant  vlth  BPV  and  EP-LPS. 


Traataant* 

Whlta  Blood  Call  Count*  Dlluant  BPV  EP-LPS 

Blood  (X  10*  calla/al)  9.7  i  1.3  27.5  t  3.8  17.2  2  1.6 

Parltonaal  Lavaga  < calla/al)  2,427  a  104  2,971  2  238  2,703  ±  472 

*  Tha  total  nuabar  of  whita  blood  calla  vara' anuaaratad  uaing  a  Coultar  Countar,  Modal 
ZBl. 

*  BPV  (250  ug  dry  vaight)  vaa  auapandad  aalina-thiaaroaal  dlluant.  EP-LPS  (20  ug)  %aa 
Buapandad  In  andotoxin-fraa  vatar.  Traataant  vaa  Initiated  by  l.p.  Injection  of  tha 
daaignatad  aaount  of  aatarial  in  0.5  al.  and  tha  appropriate  aaaplaa  vara  obtained 
aavan  daya  after  traataant. 


TABLE  2.6.2.  White  Blood  Calla  in  Peripheral  Blood  after  Traataant  vl.th  BPV  and 
EP-LPS. 


Cell  Type* 


Diluent 
(eella/ul > 


Treataent* 

BPV 

(cella/ul) 


EP-LPS 

(cella/ul) 


Band  Neutrophil 
Segaented  Neutrophil 
Eosinophil 
Lyaphocyta 

Tranaforced  Lyaphocyta 
Monocyte 


214  2  71 

3,608  2  972 
290  2  25 

4,846  2  129 
159  2  64 

660  2  210 


754  2  289 

16,598  2  2,494 

443  2  248 

6,502  2  581 

1,133  2  595 

2,  827  ♦  336 


356  2  254 

4,482  2  1,588 
466  2  506 

10,494  2  1,668 
436  2  104 

1,244  2  173 


*  Cells  vere  stained  vlth  Wrlght-Gleasa  stain  and  differential  counts  vere  aade  using 
the  criteria  of  cell  identification  as  described -by  Diggs,  Wintrobe,  and  covorkers 
(13,  14). 

'  BPV  (250  ug  dry  velght)  vas  suspended  saline-thlaerosal  diluent.  EP-LPS  (20  ug)  vas 
suspended  in  endotoxin-free  vater.  Treataent  vas  Initiated  by  i.p.  injection  of  the 
designated  aaount  of  saterial  in  3.5  al  and  the  appropriate  saaples  vere  obtained 
seven  days  after  treataent.  i 
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Tabl*  2. 6. 3.  Whit*  Bloo^  C*] 1*  In  Peritoneal  Lavage  after  Treatment  with  BPV  and 
EP-LPS. 


Traataent* 

Diluent  BPV 

Cell  Type*  (celle/ul )  (cellw/ul) 

26  s.  26 
822  X  130 
0 

707  ♦  66 

66  *  15 

1,283  a  209 
65  1  6 

*  Celia  were  atair.ed  with  Wright-Cieaaa  atain  and  differential  eounta  vere  nede  using 
the  criteria  of  cell  identification  ua  described  by  Diggs,  Wintrobe,  and  covorkers 
<13,  14). 

■  BPV  (250  ug  dry  weight)  was  suspended  saline-thiaerosal  diluent.  EP-LPS  (20  ug)  vas 
suspended  in  endotoxin-free  vater.  Treataent  vas  initiated  by  i.p.  injection  of  the 
designated  asount  of  material  in  0.5  ml  and  the  appropriate  saaplea  vere  obtained 
seven  days  after  treatment. 


Band  Neutrophil  53  41 
Segmented  Neutrophil  55  £  56 
Eosinophil  23(  t  108 
Lymphocyte  685  ±  151 
Transformed  Lymphocyte  49  i  22 
Monocyte  1296  £  231 
Macrophage  53  i  2 


EP-LPS 

(cells/ul) 

13 

104  £  36 
213  t  298 
1,837  £  178 
33  £  6 

494  £  69 

20  t  8 


Table  2.6.4.  laaunoaodulation  of  B-cell  Activity  by  EP-LPS 


Plaques/lO*  cells* 

Plaques/splcen* 

Day 

3 

Day  4 

Day  3 

Day  4 

Treatment* 

Mean 

Soleens 

Mean  Soleens 

Mean 

Mean 

Experiment 

1: 

PBS 

133 

2 

714 

3 

10, 700 

88, 000 

FP-LPS 

48 

2 

350 

3 

7, 600 

109, 600 

Experiment 

2; 

PBS 

317 

4 

62,  300 

EP-LPS 

53 

4 

16, 000 

•  EP-LPS  (100 

ug)  vas 

suspended 

in  endotoxin-free 

PBS.  Treataent 

vas  Initiated 

i.p.  Injection  of  the  designated  amount  of  material  in  0.5  al.  After  seven  days  the 
aice  vere  injected  i.p,  with  0.2  ml  cf  a  lOX  (v/v)  sheep  red  blood  cell  suspension. 

•  Mice  vere  sacrificed  at  the  designated  day  after  sheep  red  blood  cell  injection, 
spleens  vere  removed,  and  a  direct  Jerne  plaque  (saay  vas  performed  vith  cell 
suspensions  derived  from  individual  spleens  using  the  slide  modification  of 
Cunningham.  The  number  of  plaques  vere  determined  as  the  mean  number  of  plaques  per 
10*  cells  from  four  slides;  two  slides  plated  at  10*  cells  per  alide  and  tvo  slides 
plated  at  5  X  10* cells  per  slide. 

'  Total  number  of  nucleated  cells  per  spleen  vas  determined  by  hemacytometer  counts  of 
the  spleen  cell  suspension. 
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Tabl*  2.6.5  laaunoBOdulatlon  of  T-C*ll  Cytolytic  Activity  by  EP>LPS 


Treatagnf 


P*rc*nt  Sp*clfie  R*l*aa** 
Eff*ctortTarg*t 
(5;1)  <80;1) 


Cytotoxic  Unita* /Spl**n' 
_ <x  10* » 


PBS  29.8  t  6.9  .  86.0  *  14.6  6. 48  t  4.  S 

EP-LPS  26.6  t  12.5  81.8  i  18.9  6.66  ±  2.3 


*  EP-LPS  <100  ug)  vaa  auapandcd  in  cndotoxin-fr**  PBS.  Treata*nt  vaa  initiatad  in 
group*  of  thra*  aic*  by  i.  p.  in  jaction  of  tha  daalgnatad  aaount  of  aatarial  in  0. 5 
ai.  Aftar  aavan  daya  all  group*  of  aica  vara  injactad  i.  p.  vith  10*  P815 
aaatocytoaa  call*. 

*  Mica  vara  aacrificad  12  day*  aftar  iaaunization  vith  P615  call*,  aplaana  vara 
ravovad,  and  tha  cal la  vara  racovarad  froa  individual  aplaana.  Call  nuabar  vaa 
datarainad  by  haaacytoaatar  counta.  **Cr-laball*d  P615  targat  call*  vara  incubatad 
for  1C  h  vith  varying  concantrationa  of  aplaan  call*  to  yiald  tha  daaignatad 
affactor  to  targat  ratio*.  Spacific  ralaaaa  ;.***  calculatad  vith  tha  folloving 
lurvula  uaing  tha  aaan  nuabar  of  counta  in  tha  auparnatanta  of  triplicat*  cocultura: 

\ 

expariaental  -  apontanaoua  ralaaaa 
X  apacific  raleaae  ■  -- — - — - — -- — — . — .  —  - — ---  ^  loO 

fraeza/thav  -  apontanaoua  ralaaaa 

*  Ona  cytotoxic  unit  rapraaanta  tha  nuabar  of  affactor  call*  par  targat  to  yiald  50X 
apacific  ralaaaa. 


Tabla  2. 6. 6.  Coapariaon  of  th*  Modulation  of  NK  Activity  by  EP-LPS  and 
phanol -extracted  E.  coll  LPS. 


Percent  Specific  Raleaaa* 

(Effector: Targat)  Cytotoxic  Unit** /Spleen 

TreataentA _  (12.5;1)  <100:1)  (x  10*  ) 


Mediua 

2.1 

10.  5 

8.9 

Madiua 

3.5 

13.5 

10.7 

EP-LPS,  50  ug 

4.6 

15.3 

18. 1 

EP-LPS,  50  ug 

10.6 

17.  4 

40.5 

LPS  (E.  coli). 

50  ug 

1.5 

8.3 

7.3 

LPS  (E.  coil.), 

50  ug 

1.6 

7.3 

7.7 

•  EP-LPS  and  LPS  (vatar-phanol  extracted  fro*  E.  coll  0111:B4)  vaa  auspendsd  in 
“nUotoxin'frae  aadi  ja.  Traatvent  vaa  initiated  in  groupa  of  tvo  aice  by  i.  p. 
injection  of  tha.  daalgnatad  aaount  of  aatarial  in  0.5  ml. 

'  nice  vara  aacrificad  seven  days  after  traatvent,  aplaana  va.  e  reaoved,  and  tha  calla 
vara  racovarad  froa  Individual  aplaana.  Cell  nuabar  vaa  deterainad  by  heaacytoaeter 
counta.  • '  Cr-labellad  YAC-1  targat  calla  vara  incubated  for  16  h  vith  varying 
concantrationa  of  aplaan  calla  to  yield  tna  oaaignated  effector  to  target  ratioa. 
3pacl:;ic  release  vas  calculatad  as  described  in  Tabl*  2.6.5. 

'  One  c/totoxic  unit  represents  the  nuabar  of  effector  calls  par  targat  to  yiald  30X 
specific  release. 
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Tabla  2.&. 7.  Rodulatlon  of  Natural  Klllar  Call  Activity  by  CP-LPS 


Parcant  Spacific  Ralaaaa* 

TraataantA  (CffactortTargat)  Cytotoxic  Unite* /Splaan 

Traataant* _  (50il)  (200;  1)  (x  10* ) 


Hadiua 

EP-LP3,  100  ug 


31.7  ♦  8.3  49.1  ♦  9.0  7.9  t  4.4 

38.1  2  8.9  61.3  2  S. 3  lO.S  t  3.6 


*  EP-i.PS  was  suapandad  in  andotoxi'n-fraa  aadiua.  Traataant  vaa  initiatad  in  groupa  of 
four  aica  by  i.p.  injection  of  tha  daaignatad  aaount  of  notarial  in  0.  S  al. 

*  Mica  vara  aacrificad  aavan  daya  aftar  traataant,  aplaana  vara  ranovad,  and  tha  calla 
vara  racovarad  iron  individual  aplaana.  Call  nunbar  vaa  dataralnad  by  harncytoaatar 
counta.  *'Cr-laballad  YAC-l  .ta.gat  calla  vara  incubatad  for  16  h  vith  varying 
concantrationa  of  aplaan  calla  to  yiald  tha  daaignatad  affeetpr  to  target  ration. 
Spacific  ralaaaa  vaa  caiculatad  aa  daacribad  in  Tabla  2. 6.S. 

*  One  cytotoxic  unit  rapraaanta  tha  nuabar  of  effector  'calla  par  target  to  yiald  SOX 
apaciflc  ralaaaa. 


Tabla  2.6.8.  Davalopaant  of  KK  Activity  aftar  Traataant  vith  EP~LPS 


Percent  Spacific  Ralaaaa* 
( Ef fc ctor ; Target ) 

Traataant* _  (12.5:1)  (10C;1) 


0  (no  traataant) 

2  daya 

3  daya 
6  daya 


0.6 

14.0 

16.0 

42.0 

11.0 

37.3 

6.0 

14.0 

*  Tvo  aica  par  group  vara  inoculated  intraparltonaally  vith  0.5  al  of  andotoxin-frea 
PBS  containing  50  ug  of  EP-LPS  and  sacrificed  at  tha  days  indicated.  Spleen  cells 
froa  each  pair  of  alee  vara,  pooled  for  tha  assay.  All  aica  vara  assayed  at  the  sane 
time. 


•  "Cr-labeled  YAC-l  target  calls  vera  incubated  16  h  vith  varying  concentrations  of 
spleen  cells  to  yield  different  effector  to  target  call  raticT.  E:T  ratios  of 
12.5:1  and  100:1  are  ohovn  here.  Specific  release  van  calculated  as  described  In 
.-ble  2.6.5. 
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Takvn  tog*th*r  th*  «xp*ria*nt*  auggcat  titat  th*  iBBunoaodulation  r»l»vant  to  th* 
antiviral  raaiatanc*  obsarvad  following  partuaaia  induced  rvaistanc*  aay  b» 
f^ifficult  to  identify.  On*  has  to  consider  that  the  iaaunoBodulated  activities 
Beasured  Ij^  vitro  aay  be  aarginal  as  assessed,  but  the  sas*  isaunosodulation  of 
activity  expressed  in  the  Bicroenvironsent  of  th*  iaaun*  systea  aay  reflect  a 
substantial  increase  in  activity.  In  addition,  the  antiviral  state  sight  result  fro* 
sarginal  iBaunosodulaton  of  several  activities  that  act  in  concert. 

2.7.  BPV  INDUCED  ANTIVIRAL  ACTIVITY  AGAINST  VIRUSES  OTHER  THAN  HOUSE  ADENOVIRUS.  BPV 
vaa  tested  lor  antiviral  activity  in  virus  infection  Bode.ls  other  than  aoua* 
adenovirus.  BPV  treataent  did  not  prevent  death  after  Venezuelan  encephalitis  virus 
of  sice  (Table  2.7.1).  BPV  treataent  did  not  prevent  death  after  Plchinde  virus 
challenge  of  guinea  pigs,  but  the  treataent  aay  have  extended  life  (Table  2.7.2). 

2.8.  HICROBIOLOGICAL  STATUS  OP  THE  C3H/HEN  HOUSE  COLONY.  Our  C3H/HeN  aouse  colony  vas 
derlyed  froa  two  pairs  of  breeders  obtained  fros  the  U«tional  Cancer  Institute, 

January  24,  1981.  The  aouse  colony  was  tested  serology  :ally  for  the  presence  of 
aycoplasaa  and  viruses,  January- June,  1968  .  Dr.  Gai^  Caasel,  University  of  Alabaaa 
in  Blralnghaa,  testd  the  individual  antisera  of  S3  retired  ureedera  fros  our  C3H/!(eN 
colony  by  an  ELISA  tea*.  All  of  the  sice  were  negative  for  antibodies  in  the  IgG 
class.  Seven  of  the  alee  were  positive,  41  were  vea)cly  reactive,  and  3  were  negative 
for  antibodies  In  the  IgH  class.  These\data  indicate  the  colony  is  infected  with 
aycoplasaa:  however,  the  ELISA  test  devised  by  Dr.  Cassell  does  not  distinguish 
between  H.  oulaonis  or  H.  arthritidis.  The  role  of  this  ’hidden*  infection  of  the 
colony  in  Issunoaodulation  studies  is  not  clear  at  )h  ;  tin*. 

Hicrobiologlcal  Associates,  I nr. ,  Bet heads,  HO,  tested  pools  wf  sera  obtained  froai 
retired  breeders  (five  aniaals  per  pool).  The  colony  was  negative  for  Reovirus  3,  K 
virus,  Polyoaa  virus,  aurine  cytoaegalovirus,  lyaphocytlc  chorioaeningitis  virus, 
Sendai  virus,  ectroaelia  virus,  aouse  encephalosyelitis  virus,  and  aost  significantly, 
souSe  adenovirus.  The  absence  of  souse  adenovirus  antibodies  in  the  colony  coupled 
with  the  presence  of  high  titer  HAdlct4  in  the  virology  laboratory  indicates  our. 
containsent  procedures  are  effective.  However,  all  of  the  serua  pools  tested  positive 
for  souse  hepatitis  virus.'  The  alee  did  not  have  widence  of  souse  hepstltis  virus 
infection  at  the  tlaeof  shipaent  froa  the  Hatio.oal  Cancer  Institue  Contractor.  House 
hepatitis  virus  infection  in  a  colony  is  )(novn  to  be  associated  with  abnoraal  iasune 
reactions.  This  infection  of  the  colony  aay  be  associated  with  the  developsent  of 
erratic  result*  obtained  with  the  Alhydrogel  protocol.  iowever,  Dr.  P.  Horahan  has 
noted  the  partial  protective  activity  of  Alhydrogel  in  nice  that  were  raised  in 
isolators.  Ne  issediotely  initiated  a  new  breeding  colony  of  C3H/HeM  sice  and  are 
reviewing  possible  sourcee  of  infection  fros  within  the  anlaal  facility. 

2.  3  HOUSE  ADENOVIRUS  COHCEHTRATIOH.  A  constan-L  probles  in  our  antiviral  studies  has 
been  the  growth  of  high  titer  stocKs  uf  HAdlpt^i  for  th^  challenging  infection.  These 
atnexs  should  be  4.0  x  10’  PF'.J/sl  or  higher  to  obtain  death  in  lOOX  of  the  test 
population.  We  atteapted  to  concentrate  low  tlte,  stocka  of  HAdlptA  with  tangential 
/ : -jw  ultrafiltration.  Our  initial  experisenf  desonstrated  that  tangential  flow 
uitrafiltration  does  not  inactivate  the  virrs  and  can  be  used  la  concentrate  the  virus 
for  lethal  dose  virus  stocks  with  excellent  levels  of  recovery  (Table  2.9.1).  The  0.1 
pore  *l.ie  was  too  large  to  retain  all  of  the  virus,  but  filters  of  saaller  pore 
-lire  are  available. 
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Tabla  2.6.9.  Intarfaron  Production  by  Hacrophagaa  Traatad  with  EP-LPS 


Intarfaron  Tltar*  of 

Suparnatanta  froa 

Concantratlon* 

Hacrophagaa  Traatad  vltht 

_ <hg^*i> 

Exparlaant  1: 

EP-LPS 

UPS/gg 

EP-liPSi^E< 

100 

>8 

4 

10 

4 

4 

1.0 

4 

<2 

0. 1 

Exparlaant  2> 

<2 

<2 

100 

>8 

>8 

<2 

10 

>8 

>8 

<2 

1.0 

<2 

<2 

*2 

0.  1 

<2 

<2 

<2 

*  Hacrophagaa  vara  darlvad  froa  10  day  culturaa  of  aurina  bona  aarroa  calla  groan  In 
tha  praaanca  of  colony  atlaulating  factor-1  <L929  call-condltlonad  addlua).  T(ia 
culturaa  aara  Incubatad  In  tha  daa.lgnatad  concantrationa  of  laaunoaodulatora  for  2.0 
h,  aaahad,  and  incubatad  an  additional  24  h.  Cultura  auparnatanta  aara  raaovad  and 
aaaayad  for  intarfaron  activity. 

* . Tha  tltar  la  andpolnt  la  daflnad  aa  that  aaount  of  Intarfaron  aufficlant  to  Inhibit 
plaqua  production  by  a  atantard  doaa  of  vaalcular  atoaatltla  virus  by  SO  X. 
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Tabla  2.6. 10. 

Activation  of  Cytolytic  Activity  In  Nacrophagaa  by  EP-LPS 

Traataant* 

Parcant  Spaciflc 

Ralaaaa* 

<na/al ) 

t-IFM) 

EP-LPS 

2.0 

-4.4 

13.7 

1.0 

0.9  • 

-5. 7 

0.5 

3.1 

-8.7 

0.  25 

5.2 

-6. 8 

0. 125 

2.0 

-4.4 

0.06 

-1.0 

-3.9 

LPS/EC 

2.0 

5.5 

67.7 

1.0 

1.6 

64.3 

0.5 

2.  5  . 

32. 6 

0.25 

2.2 

-0.3 

0. 125 

5.0 

-4.1 

0.06 

a.i 

-4.0  . 

*  Hacrophagaa  vara  darlvad  froa  10  day  culturaa  of  aurlna  bona  aarrov  calla  vara  grovn 
in  tha  praaanca  of  colony  atlaulatlng  factor*!  (L929  can*conditlonad  aadiua).  Tha 
culturaa  vara  incubatad  for  4. 0  h  vith  tha  daalgnatad  concantratioiy  of 
iavunoaodulatora  to  obtain  partial  activation  and  than  incubatad  in  tha  praaanca  or 
abaanca  of  gaaaa  intarfaron  to  obtain  full  activation  aa  affactor  calla. 

*  *'Cr*labalad  P81S,  aaatocytoaa  calla  viara  Incubatad  16  h  vith  aacrophagaa  at  a 
aingla  affactor  to  targat  call  ratio  of  2.5:1.  Spaciflc  ralaaaa  vaa  calculatad . aa 
daacribad  in  Tabla  2. b. S. 

*  Gaaaa  Intarfaron  at  a  final  concantration  of  0.4  IRU/al  vaa  nuppllad  by  a 
auparnatant  froa  p  72  h  cultura  of  Con  A  atlaulatad  aplaan  calla. 
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Tabl*  2.6.11.  Activation  of  Cytolytic  Activity  in  Hacrophagca  by  Sup*rnatants  fro* 
EP-LPS  Tr*at*d  Hacrophag*  Cultur*a. 


Tr*ata*nt  of 


Dilution  of  . 

Condttion*d  P*rc*nt  Sp*eific  Rvltaa** 


ilJlM 


Jill 


EP-LPS,  100  ng/*l 

lt2 

70  *  6 

24 

a 

4 

1>4 

63  t  7 

18 

1 

1 

1>6 

61  1  4 

11 

1 

3 

lil6 

49  1  1 

6 

1. 

2 

EP-LPS,  10  ng/«l 

lt2 

49  .1  1 

lt4 

31  a  6 

Its 

31  1  4 

It  16 

2S  1  6 

LPS/EC,  100  ng/*l 

li2 

19  t  2 

4 

t 

2 

lt4 

S  a  2 

3 

t 

1 

liB 

4  a  3 

4 

t 

1 

ItlS 

3  a  2 

1 

t 

1 

LPS/EC,  10  ng/aj 

1 12 

8  a  1 

lt4 

2  a  1 

liS 

S  a  2 

1:16 

0  a  1 

EP-LPS/EC,  100  ng/al 

lt2 

IS  a  12 

3 

♦ 

2 

lt4 

8  a  6 

2 

t 

1 

ltd 

8  a  7 

3 

a 

2 

ltl6 

8  a  1 

0 

a 

1 

EP-LPS/EC,  10  ng/*l 

ti2 

16  t  S  . 

1>4 

7  t  1 

1:8 

11  t  2  , 

1  il6 

3  1  2 

Hon* 

1:2 

14  t  18 

2 

1 

1 

1:4 

7  a  12  . 

2 

♦ 

1 

1 :8 

li  a  13 

2 

t 

0 

1:16 

9  15 

1 

1 

1 

•  Hacrophagra  var*  derived  froa  10  day  culturva  of  aurln*  bon*  aarro*  c*lla  »*r*  grown 
In  th*  praaanc*  of  colony  atlaulating  factor-1  (L929  call-condltlonad  a*dlua).  Th* 
culturva  «*r*  Incubated  for  2.0  h  vtth  avdlua  containing  th*  dealgnated 
concentration  of  laeuooaodulator*. 

•  Th*  aupernatanta  froj  each  culture  were  harveated  o.’parately  and  dealgnated 
dilution*  teated  foi'  their  abll  Ity  to  activate  cytolytic  activity  in  ne*  aacrophaqe 
culture*.  The  aedlua  In  the  ne*  aacrophage  culture*  con**ined  10'*  B  indoaethacin 
to  prevent  down  regulation  of  the  aacrophage*  by  endogenoua  production  of 
proataglandlna  and  LPS/EC  (100  ng/*l)  to  partially  a.:tlvate  th*  .‘v-crophagea. 

Culture*  were  then  incubated  for  24  h  and  waahed. 

‘  ‘  Cr -  1  abel  led  PBl!^  aaatocytoa*  cell*  were  added  at  a  alngl*  effector  t^  .'«rget  cell 

ratio  of  2.5:1.  After  an  additional  16  h  of  Incubation  th*  .elea**  of  *'Cr  wa« 
aanayed  and  apeclflc  releaae  *a*  calculated  a*  deacribed  In  Table  2.6.5. 
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Tabla  2. 7. 1  Eflact  of  BPV  Traataant  on  Raaiatanca  to  Vanazualan  Virua  Infactlon  in 
Mica. 


Daatha  <day  aftar  infactlon) 

i  &  I  ft  2  U. 


Expariaant  1* i 


Nona  12  2  5 

BPV,  250  ug  2232: 

Expariaant  2* 

Nona  1  2  1! 

EP-LPS,  30  ug  1  1 

*  BPV  «aa  auapandad  in  aallna-aarthlolati 
daalgnatad  dosa  in  0.5  al  vaa  Injactad 
chailanga  vlth  Vanazualan  aquln#  ancapi 
al),  by  aubcutanaoua  Injaction. 

*  EP-LPS  vaa  auapandad  in  andotoxin-fraa 
daalgnatad  doaa  in  0.3  al  vaa  injactad 
chailanga  vith  Vanazualan  aquina  ancap 
al)^  by  aubcutanaoua  injaction. 


Daatha/Total 


10/10 

10/10 


1.  10/10 
4  1  10/10 

at  a  concantratlon  of  500  ug/al  and  tha 
i.p.  into  C3H/HaN  aica  aavan  daya  prior  to 
lalitia  virua,  atrain  6dU201  (400  PPU  in  0.2 

vatar  at  a  concantratlon  of  1.0  ag/al  and  tha 
i.p.  into  C3H/HaN  aica  aavan  daya  prior  to 
lalitia  virua,  atrain  68U201  (400  PPU  in  0.2 


Tabla  2.7.2.  Ef facta  of  BPV  Traataant  on  Raaiatanca  to  Pichlnda  Virua  Infaction  in 
Gulnaa  Piga 


Traataant  • 


Diluant 

BPV,  4.0  ag  (10  ag/kg) 


Daatha  (day  aftar  infaction) 

LI  a  1ft  1ft  IZ  Ift  12 


Daatha/Total 


*  BPV  auapandad  in  aalina-aarthlolata  vpa  uaad  at  a  concantratlon  of  2.0  mq/ml.  Tha 
daalgnatad  doaa  in  2.0  al  vaa  injactajf  i.p.  into  guinaa  piga  <4(X)  g)  navpn  daya 
prior  to  chailanga  vith  Pichlnda  vlrub  (40  PPU  in  0.2  al).  by  aubcutanaoua  Injactlon. 
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IMMUNOMODULATION  BY  BORDETELLA  PERTUSSIS: 
ANTIVIRAL  EFFECTS 

A.L.  Winters',  D.W.  Baggett',  J.D.  Lee', 

G.L.  Sloan',  R.D.  Lemmon^  and  R.S.  Stinson' 


ABSTRACT 

Treatment  of  mice  by  intraperitoneal  inoculation  of  pertussis  vaccine  or 
lipopolysaccharide  extracted  from  B.  pertussis  will  effect  resistance  to  rabies 
virus,  encephalomyocarditis  virus,  Semliki  Forest  virus,  and  Herpes  simplex 
virus.  Our  previous  observations  indicated  that  treatment  of  C3H/HeN  (+/nu) 
and  BDF]  mice  with  pertussis  vaccine  injected  i.p.  five  days  prior  to  a  mouse 
adenovirus  lethal  dose  i.p.  challenge  elicited  resistance  to  clinical  disease  and 
death.  Susceptibility  returned  to  a  portion  of  the  test  population  35  days  after 
pertussis  vaccine  treatment.  The  pertussis  vaccine  induced  resistance  developed 
in  athymic  (nude)  mice  also;  however,  the  population  succumbed  to  infection 
35  days  later.  Titration  of  penussis  yaccine  with  respect  to  induction  of  resist¬ 
ance  indicated  the  median  effective'  dose  (ED<o)  was  approximately  25  pg  dry 
weight. 

This  report  describes  the  antiviral  activity  of  acellular  components 
extracted  from  penussis  vaccine.  Extraction  of  B.  pertussis  ceils  with  l.OM 
NaCl  and  ammonium  sulfate  fractionation  (20-40%  saturation)  of  the  extract 
resulted  in  an  acellular  preparation  that  induced  resistance  to  lethal  dose  mouse 
adenovirus  infection.  The  resistance  inducing  activity  was  retained  after  treat¬ 
ment  of  the  extract  with  detergent  (GAF  Emulphogene  BC  720)  to  remove  lipo¬ 
polysaccharide  and  adsorption  to  alum  gel.  Comparison  of  endotoxin  content 
of  pertussis  vaccine  acellular  fractions,  polysaccharide  fraction  and  purified  lip- 
opolysacchande  suggested  that  endotoxin  probably  plays  a  role  in  the  induction 
of  resistance.  The  endotoxin  content  of  a  Emulphogene-treated  preparation  that 
protected  .S0‘'o  of  a  test  population  was  39  ng.  The  lipopolysaccharide  extracted 
from  Escherichia  coli.  Vibrio  cholerae.  Salmonella  lyphimurlum,  and  Salmonella 
minnesoia  aid  not  induce  a  resistant  state  seven  days  after  administration  ;  how¬ 
ever.  lipopolysaccharide  extracted  from  B.  pertussis  induced  a  resistant  state. 
Treatment  of  pertussis  vaccine  with  periodate- (0.1  M  NalO^  at  25  'C  for  48  h) 
destroyed  the  resistance  inducing  activity.  Our  data  suggest  that  either  3.  pertus¬ 
sis  'endotoxin  is  unique  from  other  bacterial  endotoxins  and  is  an  extremely 
long-acting  immunomodulator  or  the  B.  pertussis  lipopolysaccharide  prepara¬ 
tion  (mcdiiled  Westphal  phenol-water  extraction  from  T.W.  Klein.  University 
of  South  Florida,  Tampa,  FL)  was  contaminateu  with  an  unidentified  periodate- 
sensitive  molecule  with  immunomodulating  activity. 


INTRODUCTION 

Numerous  immunomodulatory  activities  have  been  observed  following  the 
tdministration  of  pertussis  vaccine  (PV)  (1-4).  Several  of  these  immunomodulatory 
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activities  have  been  associated  with  specific  components  of  the  microorganism 
(5-11). 

Immunomodulation  by  PV  can  modi.y  the  pathogenesis  of  viral  infections. 
Treatment  of  mice  by  intraperitoneal  (i.p.)  injection  of  PV  increased  susceptibility 
to  intranasal  influenza  virus  challenge  five  to  seven  days  later  (12).  Administration 
of  PV  by  the  intracranial,  intravenous,  or  i.p.  route  increased  resistance  to  an  intrac¬ 
ranial  challenge  of  rabies  virus  when  the  vaccine  was  administered  simultaneously 
with  the  virus  (3).  Increased  resistance  to  Herpes  simplex  virus  inoculated  by  the 
i.p.  route  developed  seven  days  after  PV  treatment  by  the  i.p.  route,  but  resistance 
was  not  observed  when  the  mice  were  treated  with  PV  for  only  three  days  (13). 
Increased  resistance  to  mouse  adenovirus  inoculated  by  the  i.p.  route  developed 
seven  days  after  PV  treatment  by  the  i.p.  route  (1),  but  not  before  five  days.  The 
resistance  developed  in  nude  mice  and  was  retained  approximately  35  days. 

Acellular  fractions  of  B.  pertussis,  namely  lipopolysaccharide  (LPS),  glyco- 
lipid,  lipid  A,  or  lipid  X,  induce  resistance  to  an  i.p.  challenge  of  encephalomyocar- 
ditis  virus  or  a  subcutaneous  challenge  to  Semliki  Forest  virus  when  the  acellular 
fraction  of  B.  pertussis  was  administered  24  h  before  the  virus  challenge  (5,  14).  An 
acellular  fraction  developed  from  a  high  salt  wash  of  B.  pertussis  ceils  induced 
resistance  to  mouse  adenovirus  challenge  seven  days  later.  A  preliminary  character¬ 
ization  of  the  factor  in  PV  that  induces  resistance  to  mouse  adenovirus  infection  is 
described  in  this  report. 


MATERIALS  AND  METHODS 

Animals 

A  colony  of  C3H/He.N  (mammary  tumor  virus  negative)  mice  was  maintained  at  the 
University  of  Alabama.  C3H/HeJ  mice  were  obtained  from  Jackson  Laboratory,  Bar  Harbor, 
Me..  Male  atid  female  mice  were  used  in  this  study.  All  animais  were  treated  by  i.p.  injection 
of  the  test  material  and  after  seven  days  challenged  with  a  lethal  dose  of  virus  inoculated  i.p.. 

Vaccines 

PV  was  provided  by  Connaught  Laboratories.  Inc.,  Swiftwater.  Pa..  Vaccines  were 
made  also  from  Strain  18323  and  To'hama  III  (Dr.  James  L.  Cowell.  Center  for  Drugs  and 
Biologies,  Bethesda,  Md.),  Tohama  I,  Tohama  I-derived  BP347,  and  Tohama  I-derived  BP359 
(Dr.  Stanley  Falkow,  Stanford  University,  Stanford,  Ca.),  and  Strain  11615  (American  Type 
Culture  Collection,  Rockville,  Md.).  The  organisms  were  maintained  on  BG  agar  base  (Difeo 
Laboratories,  Detroit,  Mich.)  supplemented  with  W'a  defibrinated  sheep  blood.  Vaccines  were 
made  by  harvesting  four-day  growth  from  Cohen- Wheeler  agar  (15)  in  phospha'*  buffered 
saline  (pH  7.2)  and  inactivating  the  ceils  by  heating  (56°C  for  30  min)  in  the  presence  of  0.02'’''o 
thimerosal.  The.  vaccines  were  adjusted  to  approximately  4.0  mg  dry  weight  per  ml  in  saline- 
thimerosal  diluent  (0.1 5M  NaCl  in  0.02'’i)  thimerosal)  and  stored  at  4'‘C. 

Acellular  fractions 

Fraction  I5A-IB.  Four  day  growth  of  phase  I  B.  pertussis  (Connaught  Laboratories. 
Inc.  vaccine  strain)  was  harvested  from  Cohen-Wheeler  agar  medium  and  the  cells  were 
e.xtracted  with  1.0  M  sodium  chloride  containing  0  05  M  sodium  phosphate  buffer  (pH  7.2) 
and  O.IJZ”’!  thimerosal  for  four  days  at  4'’C.  The  cells  were  sedimented  by  centrifugation  and 
the  supernatant  was  decanted.  The  fractional  precipitate  (20-40%  ammonium  sulfate  satura¬ 
tion)  was  collected  by  centrifugation,  resuspended  in  buffered  saline,  dialyzed  and  designated 
15A-1B.  Protein  content  was  determined  by  the  method  of  Lowry  and  coworkers  (16). 

Fraction  15A-108A.  Emulphogene  BC  720  (General  Aniline  &  Film  Corp.,  New  York, 
N  Y.)  was  added  to  a  portion  of  fraction  I5A-IB  to  give  a  final  concentration  of  1.0'’'o  (v/v). 
The  mixture  was  incubated  for  ^0  min  at  4'’C  and  the  precipitate  was  sedimented  at 
100,000  X  g  for  60  min.  The  pellet  was  resuspended  in  phosphate  buffered  saline  and  the 
suspension  was  adsorbed  to  a  1.0%  aluminum  hydroxide  gel.  This  alum-stabilize  I  preparation 
was  designated  as  fraction  15A-I08A. 
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LPS.  Purified  B.  pertussis  LPS  was  provided  by  Dr.  Thomas  W.  Klein.  University  of 
South  Florida,  Tampa,  FI.  The  LPS  was  extracted  from  B.  pertussis,  1119  BLsSj  by  a  modified 
Westphal  phenol-water  procedure  (17,  18).  Li popoly saccharides  extracted  by  the  Westphal 
procedure  from  microorganisms  other  than  B.  pertussis  and  the  Limulus  amoebocyte  lysate 
test  for  endotoxin  were  obtained  from  Sigma  Chemical  Company,  Inc.,  Sc.  Louis,  Mo..  Tht 
efficacy  of  endotoxin  detection  was  assumed  to  be  similar  for  free-  and  bound-LPS  (19). 

Polysaccharide.  Cell  surface  polysaccharide  was  harvested  and  partially  purified  as 
described  biy  another  worker  (20).  Four  day  growth  of  phase  1  B.  pertussis  18323  was  harvested 
from  Cohen-Wheeler  agar  medium  using  0.01  M  potassium  phosphate  buffer  (pH  7.0)  and  the 
cells  sedimented  by  centrifugation.  The  cells  were  resuspended  in  buffer  and  the  capsule 
(slime)  polysaccharide  was  removed  by  brief  shearing  treatment  in  a  Waring  blender  set  at  top 
speed  for  45  sec.  The  cells  were  removed  by  centrifugation  and  the  supernatant  was  combined 
with  the  previous  wash  buffer.  After  precipitation  with  acetone  at  pH  2.0,  and  resuspension  in 
aqueous  solution  at  pH  9.0,  protein  was  removed  by  a  second  precipitation  at  pH  3.0.  The 
supernatant  was  dialyzed  and  concentrated  in  a  flash  evaporator  at  30°C.  Hexose  content  of 
the  polysaccharide  was  estimated  by  the  anthrone  reaction  (21,  22). 

Virus 

A  plaque-type  variant  of  mouse  adenovirus,  designated  as  mouse  adenovirus  plaque 
type  4  (Madlpt4),  was  used  in  this  study.  The  median  lethal  dose  of  the  virus  is  5.0  x  10‘  PFU 
in  C3H/He.N  mice.  Lethal  infections  are  accompanied  by  hemorrhagic  pneumonia  (23).  The 
virus  was  propagated  in  L  cells  (NCTC  Clone  929,  American  Type  Culture  Collection,  Rock¬ 
ville,  Md.).  Virus  titers  were  determined  by  a  plaque  assay  (24). 


RESULTS 

Acellular  f-actions  15 A- IB  and  15A-108A  were  developed  in  an  attempt  to 
eliminate  the  deleterious  side  effects  of  immunization  with  PV.  These  fractions  were 
formed  by  extraction  of  whole  B.  pertussis  with  a  high  salt  solution.  Polyacrylamide 
gel  electrophoresis  of  ,15 A- IB  revealed  at  least  13  proteins  ranging  in  size  from 
16.500  to  139,000  and  the  gel  patterns  were  similar  to  outer  membrane  proteins 
extracted  by  other  researchers  (25,  26).  The  acellular  fractions  retained  significant 
protective  activity  in  the  mouse  protection  test  (27)  and  induced  resistance  to  mouse 
adenovirus  infection  also  (Table  I). 


Table  /.  Activities  of  B.  pertussis  vaccine  and  acellular  extracts 


Treatment 

Dry  Weight 

(  U<3  ) 

Protatn 

(  UQ  > 

Hexose 

<  ua  ) 

LPS 
( ua  > 

Challenging 

<FrU) 

Dose*  Mortality 

(death s/totai ) 

PV, 

Connaught 

250 

51 

... 

2.34 

1.0 

X 

to8 

0/21' 

PV. 

Connaught 

25 

5.1  . 

t 

0.23 

'  1.0 

X 

108 

19/47 

15A-1B 

... 

46 

... 

147 

2.3 

X 

107 

■  3/16 

ISA-lOaA 

... 

12 

... 

0.039 

2. a 

X 

107 

4/20 

LPS 

20 

<  0.2 

1  .  1 

>  40 

2.8 

X 

107 

0/5 

Poiysacchar Ida  415 

11.5 

480 

100 

2.1 

X 

107 

0/5 

•  All  virus  stocks  were  lethal  to  100%  of  diluent-treated  animals,  except  in  the  polysaccharide 
test,  where  the  virus  stock  initiated  lethal  infection  in  three  of  five  mice. 
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Examination  of  the  protein  content  of  PV  and  the  acellular  fractions  indi¬ 
cated  that  a  proteinaceous  factor  might  be  involved  in  the  induction  of  resistance. 
Several  of  the  virulence  factors  of  B.  pertussis  are  associated  with  the  cell  surface 
and  are  known  to  have  immunomodulatory  activity.  Mutants  of  B.  pertussis  and 
strains  th^t  are  lacking  or  greatly  deficient  in  virulence  factors  were  examined  for 
their  ability  to  induce  resistance  to  mouse  adenovirus  infection.  Strains  that  do  not 
exhibit  virulence  factors.  Tohama  III  (28)  and  a  prototype  phase  IV  ATCC  11615 
(29)  induced  resistance  to  adenovirus  infection.  Mutants  of  B.  pertussis,  which  were 
induced  by  a  single  transposon  insertion  and  are  deficient  in  at  least  five  of  the  vir¬ 
ulence-associated  factors  (30),  induced  resistance  also. 

Examination  of  the  LPS  content  of  PV  and  the  acellular  fractions  indicated 
LPS  was  present  in  the  vaccine  and  its  fractions.  However,  no  quantitative  relation¬ 
ships  between  the  amount  of  LPS  present  and  the  degree  of  resistance  inducing 
activity  was  recognized.  Although  fractions  15A-1B  and  15A-10SA  varied  several 
thousandfold  in  LPS  content,  the  fractions  induced  similar  degrees  of  resistance 
(Table  I).  The  role  of  LPS  in  the  induction  or  resistance  was  examined  further  by 
assaying  the  immunomodulatory  activity  of  PV  in  the  endotoxin  unresponsive 
C3H7HeJ  mouse  strain.  Resistance  did  not  develop  in  PV  treated  C3H/HeJ  mice 
(Table  II).  However,  LPS  extracted  from  B.  pertussis  induced  a  virus  resistant  state 
in  the  endotoxin  responsive  C3H/HeN  mice  and  the  resistance  inducing  activity  of 
B.  pertussis  LPS  appeared  to  be  unique  among  several  gram-negative  bacteria  tested 
(Table  III). 


Table  II.  Activity  of  Connaught  PV  in  C3H/HeN  and  C3H/HeJ  mice. 


TrBat««nt 

nou4«  Strain 

Challenging  Dose 

CPFU) 

Mortality 
(deatha/totai ) 

Di iu«nt 

C3H/H«N 

2.1  X  107 

3/5 

PV,  250  ug 

C3H/H«N 

2.1  X  10^ 

0/5 

Di lu«nt 

C3H/H*J 

2.1  X  107 

9/10 

PV,  250  ug 

C3H/HaJ 

2.1  X  107 

lO/LO 

Table  III.  Activity  of  LPS  e.xtracted  from  several  bacterial  species. 


i  r eatment 

Mortality* 
(deatha/total ) 

Zji  i  uent 

5/5  . 

Eacrtarichia  coil,  aerotvoa  055:85.  20  ua 

5/5  ' 

Viorio  choierae,  serotvoa  Inaba  569B.  20  ua 

5/5 

Salnoneila  i  voh  i  iiur  i  ui*  .  20  ua 

5/5 

3'a  1  rt'or.e  1 1  a  fninnesota.  20  ua 

5/5 

3crdet.eila  oertusaia.  20  ua 

0/5 

’  Challenged  with  2.8  x  10’  PFU  seven  days  after  treatment. 
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A  carbohydrate  moeity  in  PV  was  involved  in  the  induction  of  resistance.  The 
protective  activity  of  PV  was  abrogated  when  modified  by  treatment  with  100  mM 
periodate  (Table  IV).  However,  milder  treatment  with  periodate  did  not  affect  PV 
activity.  The  purification  of  LPS  by  the  phenol-water  procedure  does  not  specif¬ 
ically  separate  polysaccharide  from  LPS.  Therefore,  capsule  (slime)  polysaccharide 
was  extracted  from  B.  pertussis  ceils  and  tested  for  resistance  inducing  activity.  The 
polysaccharide  fraction  induced  resistance  to  mouse  adenovirus  infection  (Table  I). 
The  fraction  contained  a  greater  amount  of  anthrone  reactive  sugar  residues  on  a 
basis  of  dry  weight  as  compared  to  the  purified  LPS  fraction,  however  the  polysac¬ 
charide  fraction  contained  substantial  amounts  of  LPS  and  protein  also. 


Table  fl'i.Periodaie  treatment  of  PV. 


TraatnanC* 

Exp.  1 

OiIuQnt 

2.8  »  107 

5/5 

PV  •  100  .r:  NaI04  for  72  h  at  230C 

2.8  X  107 

5/5 

PV  .  H2O  for  72  h  at  250C 

2.8  X  107 

•  0/5 

100  »«  NaI04  for  72  h  at  230C 

2.8  X  107 

5/5 

Exp.  2 

Diluant 

2.3  X  107 

5/5 

PV  •  0.5  a«  NaI04  for  30  nin  at  370C 

2.8  X  10^ 

0/5 

Exp .  3 

Non* 

2.1  X  107 

5/5 

PV  ♦  10  ««  NaI04  for  30  min  at  37oc 

2.1  X  107 

0/5 

PV  •  2.0  N«IQ4  for  30  mm  37®C 

2.1  X  107 

0/5 

•  After  the  indicated  reaction  of  periodate  with  PV  mice  were  inoculated  i.p.  with  the  mix¬ 
tures  and  challenged  with  virus  seven  days  later. 


DISCUSSION 

The  observation  that  acellular  fractions  of  PV  could  induce  resistance  to 
mouse  adenovirus  infection  demonstrated  definitively  that  a  subcellular  compo- 
nent(s),  of  the  B.  pertussis  cell  was  involved  in  the  triggering  of  an  acquired  resist¬ 
ance  to  adenovirus  infection.  The  role  of  protein  in  induction  of  resistance  to 
mouse  adenovirus  infection  is  probably  minor  since  the  purified  LPS  fraction  con¬ 
taining  relatively  little  protein  (<0.2  pg)  induced  resistance.  This  conclusion  was 
supported  also  by  the  fact  that  B.  pertussis  strains,  which  lack  several  virulence  fac¬ 
tors  associated  with  the  cell  surface,  induced  resistance.  However,  small  amounts  of 
protein  might  play  a  synergistic  role  in  the  induction  of  resistance  (jl). 

The  Limulus  amoebocyte  lysate  assay  for  endotoxin  detected  approximately 
one  third  of  the  endotoxin  estimated  to  be  in  unfractionated  PV  (32,  33).  A  lack  of 
correlation  between  LPS  concentration  and  resistance  inducing  activity  of  the  vac¬ 
cine  and  its  acellular  fractions  may  have  been  due  to  substances  in  each  fraction 
that  interfered  with  the  amoebocyte  lysate  assay  to  varying  degrees.  The  observa¬ 
tion  that  C3H/HeJ  mice  did  not  respond  to  PV  with  induction  of  resistance  indi¬ 
cates  that  LPS  plays  an  important  role  in  the  triggering  of  the  antiviral  mechanism. 
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The  role  of  polysaccharide  in  the  resistance  inducing  mechanism  remains  to  be 
questioned.  Mild  conditions  of  periodate  treatment  (0.5  mM  NalO^  for  30  min  at 
37°C),  which  abrogates  the  adherence  of  B.  per/ujs/s  glycocalyx  to  bronchial  ciliated 
epithelial  cells  (34),  did  not  decrease  the  resistance  inducing  activity.  However, 
treatment  of  PV  with  an  increased  concentration  of  periodate  and  increased  reac¬ 
tion  time  destroyed  the  resistance  inducing  activity.  The  terminal  octulosonate  resi¬ 
due  of  polysaccharide  I  derived  from  B.  pertussis  LPS  has  been  reported  to  be  sensi¬ 
tive  to  the  more  stringent  periodate  treatment  (35).  Comparison  of  the  LPS  and 
polysaccharide  content  in  both  the  LPS  and  polysaccharide  fractions  in  conjunc¬ 
tion  with  the  titration  of  the  resistance  inducing  factor  in  both  fractions  should  illu¬ 
minate  an  association  between  a  given  component  and  the  resistance  inducing 
activity. 

The  LPS  of  B.  pertussis  appears  to  be  unique,  since  LPS  extracted  from  other 
gram  negative  miroorganisms  did  not  induce  resistance  to  mouse  adenovirus.  These 
observations  would  imply  also  that  the  mechanism  of  resistance  induction  probably 
does  not  involve  the  numerous  immunomodulatory  mechanisms  activated  by  the 
LPS  of  other'  gram  negative  microorganisms  (36).  We  may  be  examining,  using  a 
different  functional  assay,  the  same  compensatory  resistance  mechanism  to  Listeria 
monocytogenes  described  by  others  (33).  It  is  interesting  that  both  this  bacterium 
and  virus  are  cleared  by  a  cell-mediated  immune  response  (37,  38).  Although  many 
of  the  immunomodulating  reactions  of  LPS  are  observed  within  72  h  aftei;  treat¬ 
ment,  LPS  is  retained  in  a  biologically  active  form  in  lymohoid  tissues  for  much 
longer  periods  of  time  (39)  and  therefore  could  serve  possibly  to  stimulate  the  anti¬ 
viral  resistance  mechanisms  for  several  weeks.  The  PY  induced  altered  immun.; 
state  (revealed  as  resistance  to  virus  infection  that  persists  several  weeks)  might  play, 
a  role  in  the  continued  pathogenesis  of  B.  pertussis  infection  after  the  detectable 
organism  is  cleared. 
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ABSTRACT 

Peritoneal  exudate  cells  collected  from  mice  7  days  after 
treatment  ulth  Bordete 1 1  a  pertussis  vaccine  exhibited  significant 
jji  vitro  antiviral  activity  again.st  vesicular  stomatitis  virus 
I'VSV).  Vacc ine- induced  peritoneal  exudate  cells  exhibited  both 
Intrinsic  and  extrinsic  antiviral  activity  In  culture  with  target 
VSV-infected  L  ceLl.s,  Virus  replication  vas  poor  in  the  vaccine- 
induced  exudate  cells.,  Coculture  of  vaccine-induced  exudate  cells 
and  VSV-infected  L  cell  targets  decreased  virus  yield.  The  activity 
, inneared  specific  for  Inserted  cells  and  at  least  a  pi^rtion  of  the 
int'.vinal  activity  was  directed  against  the  Initial  Infection 
cvcle,  .  N'onadherent  vacc  Ine- Induced,  exudate  cells  showpil  .in  Increase 
in  antiviral  activity  over  total  vacc Ine- induced  exud.ate  cells. 


INTROnUCTlON 

A  number  of  tmmuncmcdu la t c'ry  activities  has  been  associated 
wltli  Bordete  I  1  a  pertuss  1  s  vaccine  (BI'V)  (1,2,.)).  Several  of  these 
activities  have  been  associated  with  specific  components  of  B . 

;u*  r  '•'I  ss  i  s  cells  ( '•  -  1  i  I  ,  Treatment  M  mice  with  either  HUV  or 
excr.icta  I.’!  tl'c  I  i-t  have'been  dii-vn  to  .iltee  !;.he  response  'o 

vir'i)  !  n !  eo  t  1  .jns  .  An  tncri-as-«  in  'he  susce’pt  i  h  i  1  It  v  to  Intrinasal 
■■  ^fl'ien;'.!  ■.'irus  c ii.i  1  1  eove  resulroit  i  :  i  davs  following  treatment 
with  Bi’V  (l.'l.  An  lucre. ise  in  re-jfst  un-e  to  Int  r.icran  i  .i  I  rth'.es 
vims  ..'ii  1 1  I  eree  w.t's  oh  ;e  rve<)  '.rhi'n  in  extract  of  B.  pe  r'  ns  i  <  s  vas 
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administered  by  the  subcutaneous,  Intraperitoneal ,  or  intravenous 
route  at  the  same  time  as  the  virus  (2).  Kirchner  and  coworkers 
demonstrated  that  pretreatment  of  mice  with  BPV  7  days  prior  to ■ 
Intraperitoneal  challenge  with  herpes  simplex  type  I  virus  conferred 
protection  to  the  mice;  however,  administration  of  BPV  3.0  days 
prior  to  challenge  did  not  result  In  protection  (13).  Similar 
protection  has  been  observed  with  foot  and  mouth  disease  virus  (14) 
and  mouse  adenovirus  (1,15).  'Resistance  to  challenge  with  Semllki 
Forest  virus  and  encephalomyocardltls  virus  has  been  reported  when 
acellular  fr.actlons  of  B.  pertuss 1 s  were  administered  24  hours 
earlier  (4,  lb).  While  sever.al  reports  on  the  .ability  of  BPV  or 
components  of  3.  pertussis  to  alter  the  murine  response  t'o’  a 
variety  .of  virus  infections  exist,  few  have  attempted  to  ch.ir.acter- 
ite  or  .lefine  the  mechanism  of  .antiviral  activity.  This  report 
initiates  characterlr.at ion  of  peritoneal  exudate  cell  (PEC)  anti¬ 
viral  activity  elicited  by  3Py  treatment. 

>iATEP.:Al..3  AND  METPODS 

V  iCc  I  ne  reatment .  BPV  was  provided  ov  Conr.ivighc  Labor.jtories  , 

Cwi tva  t  e  r ,  Pa.,  and  stored  at  -"C.  .  B^V  -was  ad'usced  to  '!('0  ug 

'  :rv  ve’.vht  ’  per  ml  in  a  r h. ! -e rosa I -s  1 1  I ne  diluent  (0.  'll  th.Imerosal 
in  i.i'M  N'.tC'.'  and  0.5  ml  was  inie.t  'd  1  n  t  rape  r  i  t  onea  I  1  y  imred  1  .ite  iv 
.1  i !’ u  t  !  'n  '-O  initl.ife  rreatmen';. 
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Cells  and  Culture.  L  cells  (NCTC  clone  929;  American  Type  Culture 
Collection,  Rockville,  Md.)  were  maintained  In  Dulbecco  modified 
Eagle  medium  (DME)  supplemented  with  lOZ  fetal  bovine  serum, 

100  unlts/ml  penicillin,  and  100  ug/ml  streptomycin  (K.C. 

Biological  Inc.,  Lenexa,  Ks.).  All  incubations  were  carried  out  at 
37*C  under  5Z  C02-95Z  humidified  air  mixture. 

Virus .  Vesicular  stomatitis  virus  (VSV) ,  Indiana  serotype,  was 
obtained  from  Dr.  Jack  W.  Frankel  (Dept,  of  Health  and  Rehabilita¬ 
tive  Services,  Tampa,  FI.)  and  propagated  In  L  cells.  Virus 
Infffcclvlty  was  determined  using  a  plaque  assay  on  L  cell  mjnolayer 
cultures  under  DME  containing  0.5Z  agar.  Thirty  hours  after  virus 
adsorption,  plaque  forming  units  (PFU)  were  enumerated  after 
mqnc layers  cultures  were  fixed  with  buffered  formalin  and’stained 
with  crystal  violet  solution  (I  mg/ral). 

Fffector  Cells.  Peritoneal  exudate  cells  (PEC)  were  collected 
7.0  d.iys  after  treatment  with  either  BPV  (BPV-PEC)  or  vaccine 
diluent  (DIL-PEC).  The  elicited  tells  were  removed  by  peritoneal 
lavage  using  Iced  unsupplementeci  medium.  PEC  were  centrifuged 
(.175  X  jj,  10  minutes,  t’C)  and  washed  twice  with  phosphate  buffered 
saline  (''*'’0.  The  PF.C  were  adjusted  to  i.C  x  10  cells/ml  la 
supplemented  HME  fur  subsequent  culture. 

“.'uc  !  e  It  ed  r,.]i  Enumeration  and  ,">  I  f  f  erenf  la  t  Ion .  Mice  were  created 
7  d.i'/s  prior  to  use  with  BPV  or  diluent.  Animals  were  sacrificed 
bv  decapitation  and  the  perltonetim  w.as  lavaged  with  5.0' ml  Hank's 
balanced  salt  soltitlon  To  provide  con.slsCency  only  J.O  ml 


of  the  5.0  ml  lavage  w.ss  recovered  .ind  placed  In  12  x  75  mm  glass 
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tubes  for  centrifugation,  100  x  £  for  3.0  min  at  25®C.  The 
supernatant  was  discarded  and  Che  cell  pellet  resuspended  in  three 
drops  of  25Z  albumin.  Wedge-shaped  smears  for  Wright-Giemsa 
staining  and  nucleated  cell  differentiation  were  made  from  this 
suspension  and  evaluated  using  the  criteria  for  cell  Identification 
as  described  by  Diggs  et  and  Wincrobe  e£  al^.  (18,19).  In 
addition  20  ul  of  the  original  lavage  was  diluted  in  particle-free 
dilution  vials  containing  10  ml  of  aride-free  Isoton  II  (Coulter 
Diagnostics,  Hialeah,  FL)  for  electronic  counting.  Three  drops  of 
azide-free  Zapoglobulin  II  (Coulter  Diagnostics,  Hialeah,  FL)  were 
added  to  lyse  erythrocytes,  the  vials  were  mixed  by  inversion,  and 
Che  total  number  of  white  blood  cells  in  the  peritoneal  lavage 
enumerated  using'  a  Coulter  Counter,  Model  231  (Coulter  Electronics, 
Hialeah,  FL) .  ' 

Growth  Curve  of  VSV  in  Target  Cells  o"  Effector  Cells.  One  tenth 

4 

milliliter  of  L  cell  suspension  (4.0  x  10  cells/ml)  was  placed  in 
each  well  of  c.  flat  bottom  mlcrotlter  plate  and  incubated  over¬ 
night.  The  cultures  were  Infected  with  VSV  by  addition  of  0.025 
milliliters  of  virus  stock  to  obtain  a  calculated  multiplicity  of 
infection  (MOD  of  5  x  10  ^  PFL’/cell.  One  hour  after  virus 
adsorption,  0,05  ml  of  supplemented  DME  was  added  to  each  well. 

The  places  were  incuoated  and  samples  taken  at  appropriate  time 
intervals.  Each  data  point  represents  the  virus  concentration,  from 
12  pooled  mlcrociter  well  cultures. 

The  permissiveness  of  DIL-PEC  and  BPV-PEC  for  VSV  was  examined 
In  a  similar  manner.  Each  well  of  separate  sets  of  microcicer 
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plates  recei  ed  1.0  x  10^  PEC  (either  BPV-  or  DIL-elicited) .  The 
PEC  were  Inf-icted  with  the  number  of  PFU  of  VSV  as  used  with  target 
L  cells.  This  reduced  the  calculated  MOI  to  0.0002  PFU/cell  yet  ' 
maintained  the  same  PFU  to  PEC  ratio  as  used  In  coculture 
experiments  (see  below). 

Coculture  of  Effector  and  Target  Cells.  L  cells  (target  cells) 
were  added  to  microtiter  plates  as  described  earlier.  After  24  h, 
the  cells  were  infected  by  adsorption  of  VSV  at  a  calculated  MOI  of 
5  X  lO  ^  PFU/cell.  One  hour  after  virus  adsorption,  0.05  ml  DME 
was  added  to  each  well.  Two  hours  after  virus  adsorption,  either 
BPV-PEC,  DIL-PEC,  nonadherent  BPV-PEC,  on  nonadherent.  DIL-PEC 
(effector  cells)  were  added  to  the  cultures  at  25:1  effector: target 
cell  ratio.  Nonadherent  PEC  were  obtained  by  planting  PEC  suspen¬ 
sion  in  plastic  tissue  culture  dishes  and  incubating  2.0  h  to  allow 
attachment  of  the  adherent  cell  population  (20).  After  2.0  n  the 
medium  was  removed  and  the  .plates  washed  twice  to  resuspend 
nonadherent  cells.  The  pooled  washings  were  centrifuged  and  the 
cell  concentration  adjusted  to  4.0  x  10  cells/ml  for  subsequent 
culture.  The  plates  were  incubated  and  .samples  taken  at 
■onrapriate  intervals. 

'nf  ;r*l.nis  Tenter  ’  onmen t .  Thirtv-five  mm  dishes  were  seeded 

with  1.2  :<  10'  target  cells.  .After  2i  h  incubation,  the  medium  as 
■isn  i  r.i'.  ed  anJ  VSV  added  at  a  calculated  MOI  of  5  x  10  '  PFU/cell. 

Two  hours  after  viius  adsorption,  the  medium  was  removed  and  the 
infected  cells  washed  twice  with  medium.  Either  BPV-PEC  or  DIL-PEC 
were  idded  .it  in  effector  to  target  cell  ratio  of  25:1. 


Four  hpurs 
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after  virus  adsorption,  Che  medium  was  aspirated  Co  remove  non¬ 
adherent  PEC,  and  a  suspension  of  L  cells  sufficient  to  form  a 
monolayer  within  24  h  was  added  to  each  dish.  Five  hours  after 
virus  adsorption,  the  medium  was  aspirated  and  agar  overlay  was 
added  as  previously  described.  Thirty  hours  after  virus 
adsorption,  PFUs  were  enumerated  after  monolayer  cultures  were 
fixed  and  stained. 

L  Cell  Colony  Formation.  L  cells  were  added  to  35  mm  dishes  at  a 
density  of  40  cells  per  dish.  After  24  h,  the  medium  was  removed 
and  either  BPV-PEC  or  DIL-PEC  added  at  the  previously  described 
planting  density.  Due  to  the  lower  numbpr  of  L  cells,  an  effector 
to  target  cell  ratio  of  75,000:1  was  obtained.  Two  hours  after 
addition  of  the  effector  cells,  the  medium  was  aspirated  and  agar 
overlay  medium  added  to  each  dish.  The'  plates  were  incubated  for 
6.0  days,  Che  monolayer  cultures  were  fixed  and  stained,  and 
colonies  enumerated. 

Cytolytic  fChromium  Release)  Activity  Assay.  Direct  cellular 
toxicity  was  determined  as  described  by  Russell  (21)  with  the 
following  modifications.  Effector  cells  in  the  cytolysis  assays 
were  5  x  10^  BPV-PEC' or  DIL-PEC.  Target  cells  were  ^^Cr-labelled  ’ 
VSV-lnfecced  L  calls  and  uninfected  L  cells.  Effector  cells  were 
treated  for  4  h  with  cither  medium  or  medium  containing  activators. 
Activators  used  were  lipopolysaccharlde  (E.  coll  01H:B4,'3.0  ng/ml 
courtesy  of  Dr.  D.  Cl  Morrison,  Kansas  Medical  Center,  Kansas  City, 
KS),  lymphokine-r ich  supernatant  from  Con  A-stlmulated  spleen  cell 
culture  (1  IRU  gamma  inte.rf eron/ml) ,  or  a  mixture  of  lipopoly- 
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saccharide  and  lynphoklne.  Specific  chromium  release  was  calculated 
using  Che  formula: 

SlSpeclflc  ^^Cr  Release-Experimental  CPM-Spontaneous  Release  CPMxlOO' 

Total  Release  CPM-Spontaneous  Release  CPM 
Statistical  Analysis:  Results  from  the  experiments  were  expressed 
as  mean  values  and  analyzed  using  the  Student's  £test. 

■  RESUI.TS 

Differences  in  the  amount  of  virus  produced  in  cocultures  of 

L  cells  and  DIL-PEC  as  compared  to  L  cells  alone,  were  not  apparent 

(Figure  1).  However,  cocultures  of  L  cells  with  BPV-PEC  decreased 

the  ability  or  L  cells  Co  synthesize  VSV  approximately  90^. 

To  establish  the  contribution  of  PEC  to  viral  replication  in 

Che  cocultures,  separate  cultures  were  infected  with  VSV  with  the 

usual  virus  cone incrations  and  the  usual  cell  concentrations. 

-3 ' 

These  conditions  resulted  in  a  calculated  MOI  of  5  x  10  PFU  per 

-4  '■ 

L  cell,  and  a  calculated  MOI  of  2  x  10  PFU  per  PEC.  Although 
there  were  more  cells  in  the  PEC  populations  than  in  the  L  cell 
cultures,  infection  of  BPV-PEC  or  DIL-PEC  resulted  in  the 
production  of  2-3.5  loSjg  less  virus.  Thus,  both  BPV-PEC  and 
DIL-PEC  were  less  permissive  than  L  cells  (Figure  2).  Furthermore, 
BPV-PEC  were  less  permissive  for  VSV  replication  than  were  DIL-PEC 
(4.0  versus  2.5  PFU/ml  at  72  h) .  These  results,  considered 

with  those  in  Figure  1,  demonstrated  that'  in  combination  cultures 
of  PEC  and  infected  L  ceils,  the  PEC  were'  responsible  for  less'  than 


\ 
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0  12  •  24  36  48  60  72 


TIME  AFTER  INFECTION  (hours) 

FIG.  1.  Growth  Cu.vs  o'  VSV  in  I,  Cells  and- Peritoneal  Exudate  Cell 
Cocultures.  VSV  was  adsorbed  to  L  cell  cultures.  After  2  h, 
either  taediun  (  □  ) ,  Diluent-elicited  PEC  (  O  ) .  or  BPV-elicited 
PEC  (  •  )  were  added  and  VSV  infectivity  in  the  cocultures  was 
assayed  at  the  times  indicated. 

1  percent  of  the  virus  synthesized  and  that  BPV-PEC  were  inhibiting 
virus  replication  in  the  L  cells. 

To  establish  the  significance  of  the  antiviral  effect,  ten 
separate  pools  of  supernatants  of  VSV-infected  L  cell  cultures, 
alone  and  in  coculture  with  BPV-PEC  and  DIL-PEC;  Were  collected. 

I 

Samples  taken  60  h  after  infection  confirmed  the  antiviral  activity 
of  BPV-PEC  and  showed  that  cocultures  of  BPV-PEC  and  infected  L 
cells  produced  significantly  less  virus  (approximately  80%)  than 
cultures  of  DIL-PEC  and  infected  L  cells  (Table  1). 


infected  Culture  Treatment 


Virus  titer  after  SO  h 
(PFU  X  10‘°) 


Mean 

SD 

Control 

(no  PEC  addition) 

18.4^’'' 

7.8, 

DIL-PEC 

Coculture 

37.1^’^ 

28.8 

BPV-PEC 

Coculture 

2.6'^’  = 

0.9 

a . 

S  tudent ' s 

£ 

test , 

d.f. 

”  18 , 

P  ■ 

.059 

b. 

Student ' s 

_c 

test , 

d.f. 

-  18. 

P  " 

.001 

c . 

Student ' s 

test , 

d.f. 

-  18. 

P  ^ 

.001 
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The  effect  of  BPV-PEC  coculture  on  infectious  center  develop¬ 
ment  was  examined  to  see  if  inhibition  of  VSV  synthesis  occurred  in 
the  initial  cycle  of  Infection.  BPV-PEC  resulted  in  a  15Z  decrease 
in  infectious  centers  as  compared  to  control  cultures  and  a  32X 
decrease  in  infections  centers  as  compared  to  DIL-PEC  (Table  2) . 

At  least  a  portion  of  the  antiviral  activity  resulted  from  the 
interaction  of  BPV-PEC  and  the  initially  infected  L  cells. 

Colony  formation  of  L  cells  in  the  presence  of  PEC.  was  examined 
to  determine  whether  BPV-lnduced  PEC  were  toxic  toward  L  cells 
independent  of  virus  Infection.  While  BPV-PEC  exhibited  some 
toxicity  coward  uninfected  L  cells  (Table  3) ,  BPV-PEC  reduced  the 
number  of  colonies  only  22Z  while  DIl-PEC  caused  a  69%  decrease  in 
L  cell  colonies.  The  notable  decrease  in  colony  formation  result¬ 
ing  from  coculture  with  DIL-PEC  suggested  a  nonspecific  toxicity 
coward  uninfected  L  cells.  However,  microscopic  examination  of  the 
cultures  suggested  that  the  decrease  was  due  to  enhanced  dispersion 
of  L  cells,  thereby  reducing  Che  number  of  discrete  colonies 
observed. 

The  cytotoxic  activities  of  BPV-PEC  and  DIL-PEC  were  examined 
to  establish  whether  other  qualitative  differences  between  the  two 
PEC  populations  could  be  observed  at  the  cellular  level.  The 
cytotoxic  activity  of  noth  cell  populations  was  assayed  using 
untreated  cells  and  cells  exposed  to  two  known  biological  response 
modifiers.  In  medium  without  immunomodulators ,  neither  BPV-PEC  nor 
DIL-PEC  exhibited  cytolytic  activity  against  uninfected  L  cells, 
while  both  showed  moderate  activity  against  VSV- infected  L  cells. 
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TABLE  2 

Activity  of  BPV-lnduced  Peritoneal  Exudate  Cells 
on  VSV  infectious  Centers 


Infected  Culture  Treatment' 

Infectious 

Centers  in 

L  Cell 

Culture 

Mean 

SD 

Control  (no  PEC  addition) 

62.8*’'^ 

8.6 

DIL-PEC  Coculture 

77.,4®’‘’ 

11.0 

BPV-PEC  Coculture 

53.0**'*^ 

6.4 

d.  Student's  £  test,  d.f.  >•  18,  p '■  ,.004. 

b.  Student's  £  test,  d.f,.,'  "  18,  p  •  .001. 

c.  Student's  t  test,  d.f.  "  18,  p  "  .009. 


TABLE  3 

Activity  of  BPV-Elicited  Peritoneal  Exudate  Cells 
on  L  Cell  Colony  Foraation 


Sample  Treatment 

Colonies  After 

6  days 

Mean 

SD 

Control  (no  PEC  addition) 

30.3^’'^ 

4.9 

DIL-PEC  Coculture  ■ 

9.3^-'^ 

2.8 

BPV-PEC  Coculture 

23.6^'" 

4.1 

a- 

Student 's 

t 

test , 

d.f. 

-  18, 

P  < 

.001 

b. 

Student 's 

t 

test. 

d.f. 

-  18, 

P  < 

.001 

c . 

Student 's 

£ 

test , 

d.f. 

•  18, 

P  “ 

.003 
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Pretreacoent  of  PEC  with  lipopolysaccharide  potentiated  the  cyto¬ 
toxic  activity  against  virus-infected  cells  of  BPV-PEC  to  lOOZ  and 
DIL-PEC  to  only  63Z  (Table  A).  Prctreatment  of  PEC  with  gamma 
interferon  did  not  increase  the  cytotoxic  activity  of  BPV-PEC,  but 
incre?.s<;d  the  activity  of  DIL-PEC  two-fold. 

Seven  days  after  treatment  of  mice  with  BPV  there  was  a  20Z 
Increase  in  leucocytes  in  the  peritoneum.  Differential  analysis  of 
BPV-PEC  further  Indicated  not  only  a  quantitative  difference,  but 
also  a  qualitative  difference  in  the  PEC  populations  obtained 
(Table  5).  BPV-PEC  demonstrated  a  significant  increase  in  the  ’ 
proportion  of  segmented  neutrophils  over  DIL-PEC.  Also,  the  levels 
of  eosinophils  observed  in  DIL-PEC  were  not  detected  in  BPV-PEC. 
There  were  not  significant  differences  between  the  proportion  of 
macrophages  and  monocytes  in  BPV-PEC  and'  DIL-PEC. 

An  initial  characterization  of  the  PEC  population  which 
displayed  antiviral  activity  was  performed  by  examining  the  activity 
of  PEC  and  a  nonadherent  population  in  PEC.  Adherence  to  plastic 
was  used  to  deplete  the  PEC  population  of  adherent  cells.  Non- 
adherent  cells  were  collected  and  adjusted  to  the  same  concen¬ 
tration  as  total  PEC.  Removal  of  the  adherent  cell  population 
appeared  to  increase  the  antiviral  activity  in  a  BPV-PEC  coculture 
(Table  6).  Statistical  analysis  confirmed  chat  removal  of  the 
adherent  population  from  BPV-PEC  increased  the  antiviral  activity, 
while  removal  of  the  adherent  cells  from  DIL-PEC  did  not  result  in 
a  significant  virus  of  antiviral  activity. 
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TABLE  5 

Differential  Analysis  of  Peritoneal  Lavage  Cells 


Cell  Type 

Cell 

DIL 

count 

(mean 

per  microliter 
t  SD) 

BPV 

Band  Neutrophil 

52.6 

♦ 

40.5 

26.1 

i 

25.6 

.Segmented  Neutrophil 

55.1 

♦ 

55.3 

.821.6 

♦ 

129.6 

Eosinophil 

237.7 

♦ 

108.2 

0 

Lymphocyte 

684.7 

♦ 

151.4 

706.9 

♦ 

65.5 

Transformed  Lymphocyte 

'  48.6 

♦ 

22.0 

■  65.6 

♦ 

14.7 

Monocyte 

1295.8 

♦ 

231.2 

1282.9 

♦ 

209.2 

Macrophage 

,  52.7 

* 

.  1.7 

65.1 

♦ 

6.4 

TABLE  6 

Activity  of  Nonadherent  BPV-induced  Peritoneal 
Exudate  Calls  on  VSV  Synthesis  in  L-929  Cells 


Infected  Culture  Treatment  Virus  Titer  After  60  h 

(PFU  X  10“^) 


' 

Mean 

SD 

Control  (no  PEC  addition) 

10.6  ,  ■ 

3.8 

DIL-PEC  Coculture 

3.5" 

1.5 

Nonadherent  DIL-PEC 

Coculture 

1.8"  ■  ■ 

1.3 

BPV-PEC  Cocuiture 

2.5*’ 

0.6 

Nonadherent  BPV-PEC 

Coculture 

.1.3” 

0.4 

a.  Student's  £  test,  d.f.  "A,  p  "  .083. 

b.  Student's  t  test,  d.f.  -  3,  p  ■  .004. 
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DISCUSSION 

Our  data  Indicated  that  BPV  treatment  resulted  In  both 
quantitative  and  qualitative  changes  In  the  peritoneum.  We 
obtained  a  20Z  increase  in  PEC  following  treatment  with  BPV.  BPV 
also  induced  qualitative  differences  in  the  cell  populations  of  the 
peritoneum.  BPV-eiicited  PEC  demonstrated  an  increase  in  segmented 
neutrophils,  and  dramatic  decrease  in  eosinophils.  In  contrast 
Fishel  and  coworkers  have  reported  chat  Intraperitoneal  injection 
of  mice  with  BPV  results  in  a  significant  increase  in  leucocytes  in 
the  peritoneal  cavity,  due  primarily  to  an  Influx  of  macrophages 
and  their  precursors,  along  with  neutrophils  (22).  They  observed 
that  seven  davs  after  treatment  with  BPV,  leucocyte  counts  and 
protein  concentrations  Increased  approximately  sixfold  over  those 
of  either  unlnjected  controls  or  vaccine-diluent  treated  animals. 

PEC  from  mice  pretreated  with  either  vaccln#  diluent  or  BPV 
supported  VSV  replication  poorly  when  compared  to  L  cells.  Further¬ 
more,  3PV-PEC  seemed  to  be  less  permissive  for  virus  replication 
rlian  UIL-PEC.  Monocvtes  and  macrophages  that  make  up  nearly  5i)T  of 
the  cells  in  PFO  are  intrinsically  resistant  to  the  replication  of 
■n.inv  viruses.  Cenerallv  thev  a.isorb  and  phagocytlie  viruses  and 
render  the  Internalized  virus  Incapable  of  Infecting  other  host 
c  e  ]  1  s  f  :  3 )  . 

'IPV  el! -iced  PF.C  also  demonstrated  extrinsic  antiviral 
actlvltv.  At  least  a  portion  of  the  antiviral  ictivltv  of  !1PV-PHC 
was  directed  against  the  Initial  Infection  cycle  of  I.  cells,  ns 
shown  bv  a  reduction  In  Infeetiimc  center  development.  Since  the 
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PEC  were  addei  after  virus  adsorption  to  the  ceils,  it  is  unlikely 
that  inhibltljn  occurred  through  direct  phagocytosis  and 
destruction  of  the  viral  Inoculum  by  cells  in  the  PEC  population. 
Therefore,  a  portion  of  the  antiviral  activity  associated  with 
BPV-PEC  appeared  to  be  of  an  extrinsic  nature.  One  possible 
mechanism  was  described  by  Kirchner  and  coworkers,  who  demonstrated 
enhanced  induction  of  Interferon  in  mice  after  BPV  treatment 
(24,25),  .  ,  ^ 

Our  observations  were  similar  to  reports  on  the  kinetics  of 
the  antiviral  activity  of  Corynebacterlum  parvum  elicited  PEC. 
Morahan  and  c oworkers . reported  that  the  protective  effect  of 
C.  parvum  activated  PEC  against  vaccinia  virus  and  herpes  simplex 
type  2  virus  was  greatest  In  experiments  using  a  low  MOI  and 
allowing  multiple  cycles  of  virus  replication  (26).  On  the  other 
hand,  Morahan  and  coworkers  reported  a  limited  effect  against 
single  cycle  virus  yields  following  a  high  multiplicity  of 
infection  (40  PFU/cel’./,  whereas  our  results  obtained  with  a  low 
multiplicity  of  Infection  (5  x  10  ^  PFU/cell)  demonstrated 
significant  activity  against  single  cycle  virus  yields. 

Althougi  examination  of  L  cell  colony  formation  suggested  some 
toxicity  of  ilPV-PEC  toward  uninfected  E  cells,  chromium  release 
studies  revelled  that  while  neither  BPV-PEC  nor  OIL-PEC  were 


cytolvtlc  agUlnst  uninfected  L  cells,  both  exhibited  activity 
toward  Vr>V- Ihf  ected  L  cells.  The  extrinsic  antiviral  mechanism 


;ould'  occur  either  through  a  change  In  the' target  cell  metabolism 


io  tl\at  vlrtis  yield  per  cell  was  reduced,  or  by  the  reduction  of 
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virus  synthesizing  cells  due  to  cytolysis.  Increased  cytotoxic 
activity  of  a  cell  population  in  BPV-PEC  was  demonstrated.  In 
addition,  the  undetenaired  cytotoxic  cells  could  be  stimilated  to 
greater  activity  by  the  addition  of  lipolysaccharide.  Ft rthermore , 
BPV-PEC  can  be  potentiated  to  higher  levels  of  activity  than 
DIL-PEC.  It  was  not  possible  to  determine  whetiier  the  p«rtlnent 
cells  in  BPV-PEC  may  be  more  efficient  at  cytolysis  of  virus 
Infected  cells,  or  whether  there  may  have  been  an  increased  number 
of  a  particular  effector  population  resulting  from  treatnent  with 
BPV. 

Several  Investigators  have  shown  that  depletion  or  removal  of 
the  adhTrent  cell  population  from  C.  parvum  treat’td  mice  by 
adherence  to  glass  or  plastic  (27,28)  or  inactivation  wlt;h  anti- 
macrophage  sera  (23)  decreased  "r  abolished,  resistance  to  a  variety 
of  Infectious  agents,  suggesting  that  macrophages  are  key  effector 
cells.  In  contrast  to  these  studies,  our  results  indicated  that 
removal  of  adherent  cells  Increased  the  antiviral  activity  of 
BPV-PEC.  Nonadherent  BPV-PEC  showed  an  approximate  48"  .ncrease  in 
antiviral  activity  over  total  BPV-PEC.  Assuming  the  per.toneal 
exudate  population  Is  50Z  macrophages,  this  experiment  enriched  the 
non.idherent  population  approximately  twofold.  Whether  the. Increase 
In  activity  was  due  to  this  enrichment  or  the  removal  of  an 
Inhibitor  normally  In  the  peritoneal  exudate  population  was  not 
determined.  Similar  results  were  obtained  in  a  study  by  Tracey 
using  Bacllle  Ca Ime t te-Cuer In  (BCG)  ellclted-PEC  (29).  Mice  were 
Injected  Int raper 1 conea 1 1 y  with  BCG  and  PEC  collected  3  days  later 
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and  Injected  Into  syngeneic  untreated  mice.  After  A  days,  the  PEC 
from  recipient  mice  were  collected  and  depleted  of  Adherent  cells. 
Approximately  50Z  of  the  cells  were  nonadherent  and  were  twice  as 
cytotoxic  as  total  PEC.  The  active  cells  were  Identified  as 
natural  killer  cells;  however,  macrophages  appeared  to  be  Involved 
In  the  regulation  of  natural  killer  cell  activity  In  BCG  treated 
mice  by  secreting  both  NK-enhanclng  factors  and  NK-lnhlbltlng 
.factors.  Including  Prostaglandin  E2  (30).  We  are  currently 
Investigating  the  role  of  natural  killer  cells  and  prostaglandins 
In  BPV  induced  antiviral  acti/lty. 

While  the  exact  mechanlsm(s)  of  the  antiviral  activity 

associated  with  BPV-PEC  remains  unclear.  It  is  evident  that  the 

\ 

Vaccine  is  capable  of  significantly  altering  the  antiviral  activity 
of  peritoneal  cells.  Determination  of  the  mechanism  by  which  BPV 
confers  resistance  to  infection  will  not  only  allow  us  to  manipu¬ 
late  the  immune  response,  but  will  aid  in  our  basic  understr.ndlng 
of  the  pathogenesis  of  virus  infections. 
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pKxenivf  wuntracttd  firom  ttrJnJUfmmucAiMt  l‘0MNiOus4pncipM»Nd 

iwth  vnmofiiun  lul&ct.  20-40^  itnmtioB  (daigamti  fmctkm  DA*  IB).  TLt  ptotective 
anci|en  wu  pun&Ml  funher  by  Sertrgenr  (Emulptofm  BC720)  treumem  ami  adioaptian  » 
tliunirtum  bydrnudr  |el  (deaiftiaied  fnnion  DA-IOBA)  Coofawcd  *ith  0.  pvtum  ncciat 
and  Crmioa  DA*  IB,  fimrt>oa  DA-108A  retained  ptOBCim  acnvity  as  atieiMd by  dir  mrar 
pracKtion  teat,  but  had  reduced  protein  and  maHiedly  seduced  eodonxin  coaani.  Fnetioa 
DA-108A  also  had  reduced  )eukoryrQau*ptt)tnotipg,  bsiraminr  imtiruiog  spleoDsnegaly* 
ioduciiig.  and  adjuvant  aaiviries  Ernulphogene  tieamieM  pwnided a  teUiively  timpit  method 
for  removini  endotoxin  from  a  potential  aceOtsJat  0.  gMsit  vaociv. 


INTRODUCTION 

Immuniiation  with  B<rdettlU  pmussu  vKcinc  (BPV)  has  been  accepted  b  the  single 
most  effective  methed  in  preventing  B  pertiusu  infkrions;  however,  BPV  continues  to 
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be  one  of  the  more  troubletome  vaccine*  to  ptoduce  and  Kawdiafar.***  A  cential 
problem  with  BPV  production  it  standardization.  One  hat  mcaateadwith  jtenetk 
thiftt  from  virulent  Phase  I  to  avirulent  Phase  IV  organisms'  and  aariable  viability  of 
cultures.*'*  For  these  reasons  the  vaccine  has  one  of  the  highest  Uuie  fates  of  any 
vaccine  currently  produced. 

The  public  perception  that  immunization  with  the  vaccine  imy  be  of  greater  risk 
than  the  disease ' '  has  provided  an  impnus  to  develop  a  nontouc  accfiulir  vaccine  with 
a  ttanuardized  potency.  An  effort  has  been  made  to  separate  the  .oaponentfs)  of  BPV 
responsible  for  immunization  from  the  components  that  cause  Knoos  tide  reac* 
tions.*'*'*^  Investigators  have  isolated  several  fanors.  but  ooconseataseaisoattorhe 
role  of  each  factor  in  infection  or  immunization.  A  potentially  task  haaion  that  hat 
been  isolated  it  lipopolysaccharide  (IPS)  with  its  associated endotoasaaciivity.**''*  All 
vaccines  used  presently  for  immunization  contain  LPS.  atsd  a  proponiati  of  the  adverse 
reaaions  following  administration  of  BPV  are  attributable  to  this  component. 

Antigens  that  appear  to  be  responsible  fbr  ittduCTion  of  resitiaace  to  B.  ftrtmm 
infection  are  found  on  or  near  the  tur^  of  the  cell  et  velope'^  and  teB-free  proteaivr 
antigens  have  been  extracted  by  a  variety  of  methods. This  rtport  describes  a 
method  for  removing  lipopolysaccharide  from  an  acellular  BPV. 

MATERIALS  AND  METHODS 

Reagents  were  obtained  from  the  following  sources:  BtrdatlU  fineia  vaccine  fLoc 
32340),  Connaught  Laboratories,  loc..  Swifrwater,  Pennsylvania;  Enulphogene  BC 
720,  GAF  Corporation,  Chemical  Group,  New  York,  New  York;  Albydtogel,  E.  M. 
Sergeant  Pulp  and  Chemical  Co.,  Inc.,  Hoboken,  New  Jersey;  histamine  diphosphate 
and  E'Toxate  amoebocyte  lysate  assAy),  Sigma  Chetnied  Co.,  St.  Louis, 

Missouri,  Bma/la  abortus  antigen,  Difeo  Laboratories,  Detroit,  Ifkhig**'- 

Vserint  tnd  snllnUr 

BPV  consisted  of  heat>inactivated  Phase  1  cells  (Cotutaught  lafaontories  vaccine 
strain  derived  from  ATCC  9797)  suspended  in  diluent  (0'025E  tfaimerosal  in 
0- 15  M  NaCI)  to  a  concentration  of  4-Orog/mJ  (dry  weight). 

Fractions  derived  from  B  prrtuw  cells  (Connaught  Laboratones  vaccine  strain)  were 
prepared  as  follows.  Cells  were  grown  on  Cohen- Wheeler  agar  medium  lof  96h  at 
36°C,  harvested,  and  washed  in  phosphate  buffered  saline  (PBS;()'15m  sodium 
chloride  and  0'05  M  sodium  phosphate  buffer,  pH  7'0)  The  culniie  was  inactivated 
and  extracted  by  overnight  incubatioo  in  0*75  M  sodium  chloride,  0'05m  sodium 
phosphate  buffer  (pH  7-0),  and  0-02%  thiroerosal  at  4*C.  The  cells  were  removed  by 
cenirifugarion  and  0-  106g  ammonium  sulfite  per  milliliter  of  supernatant  was  added 
(2091  saturation).  After  incubation  at  4*C  for  30  min,  the  precipiate  aras  sedimented 
( 10  OOOg,  4‘’C,  10  min)  The  supernatant  was  decanted  and  0- 1 13{aminonium  sulftte 
per  milliliter  of  supjernatant  was  added  (40?  sanitation).  The  mixture  was  incubated 
and  centrifuged  as  before.  The  precipitate  w»s  resuspended  in  PBS  and  dialysed  against 
PBS.  This  acelhvlar  fraction  was  designated  15A-IB.  Lpopolysacebaride  was  removed 
from  15a- IB  by  treatment  with  19E  (v/v)Emulphogene  BC720ii45Cfbf  60min.  A 
precipitate  formed  and  this  mixture  was  then  centrifuged  at  lOUOOOgfbr  l-Ohat  4*C. 
The  sediment  wti  resusper>ded  in  PBS,  centrifuged  as  befoR,  iciiispeoded,  and 
absorbed  to  Alhydrogel  (1-09E,  w/v,  aluminum  hydroxide  gel)  m  pieveiK  piecipt* 
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ration.  Thr  alum-absorbod  preparation  was  designated  I)A-108A.  Pbceacy  sfBPV, 
ISA'  IB,  and  1SA-108A  was  assessed  using  the  mouse  protenkm  test.”  Bneetn 
content  was  determined  by  the  method  of  Lowry  and  coworfcets.^  IPS  (endomnn) 
was  assayed  by  the  Umiilm  amoebocyte  lysate  assay^^  using  ShigJU  feami  IPS 
standard. 

Sodium  dodtey!  lulftu-ptiyMcryUmidt  gtl  tloctrtpbomu  (SDS~PACEi 

The  preparations  were  derutured>by  boiling  in  1*0%  SDS  and  10%  ben> 
mercaptoethanol.  The  denatured  proteins  (100 /sg)  were  sepanted  by  elcctnplioiesis 
iun  6%  polyacrylamide  gels  containing  1*0%  SDS.^.  Proteins  were  fixed  and  sained 
with  0-is%  (lomassie  blue  R2)0  in  9*6%  acetic  acid.  Gels  sme  scanned  in  a  Variaa 
Cory  210.  Molecular  weights  were  calculated  using  crosslinked  hiemocyanin,  heiBi>> 
cyanin,  bovine  serum  albumin^  ovalbumin,  pepsin,  trypsinogen  and  ^lactpgiobin 
(140,  70,  66,  4),  33  ,  24  and  18kDa,  respectively)  ts  standards. 

A'iii  m/i 

All  studies,  except  histamine  sensitiaation  and  pertussis  vaccine  potency  tests,  were 
carried  out  with  C3H^HeN  mice  (4-3  weeks  of  age)  derived  from  a  breeding  tskay 
maintained  in  the  Animal  Care  Facility,  University  of  Alabama,  at  describuJ  pie* 
viously  .^  All  mice  were  supplied  with  autoclaved  mouse  chow  and  acidified  water  nd 
libhym  CFW  mice  used  for  histamine  tensitixation  tests  were  obtained  firm  Qaries 
River  Laboratories,  Inc.,  Wilmington,  Massachusetts.  Female  1(31  mice  used  fix 
pertussis  vaccine  potency  were  obtained  from  Buckberg  Lab  Animals,  Inc.,  Tomldnk 
Cove,  New  York,  and  were  maintained  at  Connaught  Laboratones,  Inc. ,  Swifiwatcr, 
Pennsylvania,  in  accordance  with  theN.I.H.  (julde  for  the  Con  and  Use  ofTnhoiaioiy 
Animals  (DHEW  Pub.  No,  78-23). 

Treatment  with  BPV,  13A-IB,  or  I3A-I08A  was  initiated  by  intrapentooeal 
inoculation  of  0*3  of  each  preparation  at  the  concentration  indicated  in  Table  1.  Mice 
were  inoculated  with  the  vaccine  diluent  also  to  serve  as  controls. 

Moojf  prottaioH  tat 

The  potency  of  BPV  and  the  fraaions  was  assessed  using  the  standard  mouse 
protective  test.^’  Simultaneous  intracerebral  mouse  protection  tests  of  the  test  prepar¬ 
ations  and  the  US  Standard  pertussis  Vaccine  were  performed  according  to  established 
procedures  (Code  of  Federal  Regulations,  Title  21,  Pan  620  4).  Briefly,  three  fivdbld 
dilutions  were  prepared  of  each  test  preparation  and  the  standard.  Three  grta^  of 
mice,  consisting  of  16  animals  each,  were  injeaed  intraperitoneally  with  0*3  ml  of 
diluted  material.  Founeen  days  after  vaccination  the  challenge  inoculum  was  prepared 
by  harvesting  B.  ptriuijis  strain  18323  from  a  24-h  culture  grown  on  Bordet-Gengou 
medium  and  uniformly  suspending  the  bacteria  in  a  solution  containing  1-0%  casein 
peptone  and  0'6%  sodium  chloride  at  pH  7*1.  The  suspension  was  adjusted  m  160 
units  on  a  Kletr-Summerson  Colorimeter  (number  34  green  filter)  and  funher  diluted 
1:3000  (v/v).  Tlse  mice  were  lightly  anesthetized  with  ether  and  injected  intiaoer- 
ebrally  with  0-03  ml  of  this  challenge  suspension.  The  mice  were  observed  daily  fix  14 
days.  The  total  number  of  mice  in  each  group,  at  well  as  the  number  active,  paralysed, 
and  dead  were  recorded  for  purposes  of  determining  the  relative  potency  of  the  ten 
preparations  relative  to  the  standard  vaccirte.  The  standard  vaccine  contained  8  potency 
units  per  milliliter. 
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Lmketytuu 

Blood  umpin  were  obtained  by  nil  bleed  m  designated  limct  a6ef  aatanenc. 
Counts  were  obtained  by  mixing  the  blood  with  Turk's  lolution  aad  eouDting  the 
nucleated  cells  in  a  hemocytomecer  .  DiffeteMkl  Mood  ceil  counts  «ctc  obtained  from 
duplicate  smears  made  and  air-dried  at  each  Mecding.  Sroeais  weie  stained  with 
Wright-Giemu  stain  and  at  least  100  celh  were  counted  per  slide  and  Koted  as 
mononuclear  (monocytes  and  lymphocytes)  or  polymorphonuclear  leidcocyiB  (heter* 
t^hils,'  eosinophils  and  basophils).  . 

Hutamint  ttnsitizMtioH 

Four  days  after  treatment  CFW  mice  were  challenged  with  lOng  oThistainine 
diphosphate  by  intraperitoneal  inoculation.*  Deaths  srere  recotded  30mtn  after 
histamine  challenge. 

Splnomegtly 

Seven  days  after  treatment  mice  were  weighted  and  killed  by  covical  disloation. 
The  spleen  was  removed,  excised  from  excess  futy  tissue,  washed  in  saline,  Moned  to 
remove  excess  saline  and  weighed.  A  splenic  index  was  calculated  by  dividing  spleen 
weight  by  body  weight, 

Adjtruancy 

Mice  were  injected  intraperitoneally  with  a  tnixtute  consistii^  of  0*1  ml  of 
heat-killed  BnutlU  abortm  (BA)  uitigen  and  0-?ml  of  BPV  or  the  apprapriate  B. 
ptnuuis  fraction.  A  control  group  avas  given  B.  thortm  antigen  only.  Serum  was 
obtained  seven  days  after  combined  treatnseot  and  immunization  and  the  anti-BA  titer 
determined.  Test  serum  was  diluted  in  miciodter  plates  with  found  bottom  wells  using 
twofold  serial  dilutions.  BrnetlU  abortia  antigen  (0*  I  ntl,  1;  10,  v/v)  was  then  added  to 
each  well,  (^ntrol  wells  conuined  B.  sitma  antigen  and  saline  diluent.  P!’«es  were 
incubated  at  room  temperarure  overnight  and  the  endpoint  recorded  at  the  highest 
dilution  with  visible  agglutination. 

Stsiiitical  snslysi] 

Differences  in  the  mean  values  of  the  appropriate  experimental  systems  wete  assessed 
by  Student's  /-test. 

RESULTS  '  . 

CkarofUrizatioH  tf  ctif  txtrafi  Mtd  fractieni 

Ammonium  sulfate  fractionation  of  the  salt  extran  from  B.  ptrtima  celb  selectively 
decreased  the  content  of  several  proteins.  SDS-PAGE  of  the  salt  extraa  levealed  at  least 
13  proteins  that  ranged  in  siz*  from  139kDt  (protein  I)  to  l6-3kDa  (protein  13) 
{Fig.  1(a)}.  Fractionation  of  the  salt  extraa  by  anunonium  sulfate  prenpitation  to  form 
the  preparation  designated  DA- IB  removed  roost  of  the  polypeptides  withmolecular 
weights  of  80  kDa  or  greater  {Fig.  1(b)].  Solubilization  of  IPS  by  detergent  treauTsem 
of  DA-IB  to  form  the  preparation  designated  DA-108A  resulted  in  precipitation  of 
protein.  The  precipitation  either  concentrated  two  high  moleculat  weight  proteim  that 
were  not  detected  previously,  or  caused  an  aggregation  of  lower  molecular  weight 
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Fi|  1.  Tncingt  oftcuu  offoomiuir  blur  laiadSOS-FAGE  all  onnct  lad 

frsctiont  (•)  Sil'  ntnci.  (b)  Fnction  t)A>lB.  (dtacnaa  IFA-I08A. 

proteins  that  wu  not  rrveniblc  in  the  taatStion  of  SDS  denaruntion.  Decreased 
amounts  of  proteins  with  molecular  weighs  less  thu  iSOOOkDa  witre  observed  also 
(Fig,  1(c)]. 

Ammonium  sulfite  precipitation  of  the  sdr  extract  enriched  the  relative  concentra¬ 
tion  of  lipopolysaccharide  in  I  SA-  IB  (Tahir  D.  Ptecipiution  of  material  by  Emul- 
phogene  treatment  of  fraction  1 S  A*  IB  and  adnrption  of  the  material  to  alum  decreased 
the  relative  lipopolysaccharide  content  whh  icspca  to  protein  approximately  4000- 
fold,  while  reducing  the  mouse  protection  potency  eightfold. 

Compariton  */  tbt  biological  tfftets  ^  BPV  awd actram^  fracliom 

Although  fractioru  15A-lBand  I  SA-lOSAietaioed  activity  in  the  mouse  protection 
test  the  fractions  differed  in  biological  acmides. 


Table  1.  The  characteristics  of  BwJnffa  fvmiii  vaccine  (BPV)  lutd 
extracted  faciiooi 


Upepaiy- 

Mouse 

Protein 

saedaridr 

procection 

Preparation 

(Mg) 

(units) 

BPV* 

51 

2^ 

1-0 

.15  A- IB 

46 

74^ 

41 

I5A-108A 

12 

0-5 

•  250  fif  dry  veifht. 
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White  blood  celt  countt  tveraged  8700  mm*  aftct  tmtmem  with  raccine  diluent. 
Leukocyte  countt  in  Bi’V-treated  mice  increued  to*  maximum  valus  chive  lojisdtyi 
after  treatment.  The  meant  of  the  elevated  leukocyte  counts  obtained  four  days  after 
treat meni  with  BPV  and  1 5 A-  IB  were  not  significantly  dilforent  (Fig.Sa)!.  However, 
the  meant  of  the  leukocyte  countt  obtained  four  days  after,  ircatment  with  BPV  and 
13A-108A  were  significantly  different.  Differential  countt  of  blood  tmeait  indicated 
that  the  leukocytosis  coruitted  of  approximately  equal  numbeti  of  mononuclear  and 
polymorphonuclear  cells.  A  slight,  transient  increase  in  leukocytoiii  was  observed  12b 
attet  trntment  with  BPV  and  franion  1)A>108A  (Fig.  2fo)].  The  rtspontc  was 
thortdived  and  leukocyte  countt  decreased  befott  the  major  leukocytosis  tesponse 
initiated  48  h  after  treatment.  The  majority  of  celb  during  thepetiod  of  transient 
leukocytotit  were  polymorphonuclear.  / 

SfuitiiMticn  u  histamim 

The  Inhal  dote  of  histamine  diphosphate  for  normal  CFW  mice  was  apptoximiitely 
200  mg  per  20  g  body  weight  (data  not  shown).  To  determine  whether  B.  ptrtmuu- 
derived  fractions  could  induce  sensitization  to  histamipe,  groups  of  mice  weie  treated 
with  BPV,  1)A>IB,  DA'IOSA  or  vaccine  diluent.  All  mice  ueated  pirvioutly  with 
vaccine  diluent  survived  (Table  2).  All  mice  treated  previously  with  BPV'  or  DA'IB 
died  within  10-30  min  after  histamine  challenge.  In  contrast,  acellular  fianion 
13  A-  I08A  irtduced  histamine  sensitivity  in  only  a  portion  of  the  ncated  mice  03%). 

Sflenomtg*ly 

Mice  treated  with  BPV  showed  a  significant  increase  in  spleen  weight  over  controls 
(Table  3)  Mice  treated  with  13A>  IB  developed  significam  levels  of  splenomegaly  also. 
In  contrast,  mice  treated  with  13A>108A  did  not  develop  a  significant  increase  in 
spleen  weight  as  compared  to  animals  treated  with  vaccine  dilum. 


Fi|  2  leukoqrtotit  iftrr  imtirxm  «ic)<  fmmait  necioe  (BPV).  (onioa  I5A-IB,  or 

franKMi  1?A-  108A.  (•)  Tirviment  with  BPV  (•)  and  fnrrai  I)A>tB(0).  (blTmiBCiu  with  BPV  (O) 
■nd  frtrrion  DA'lOfiA  (O). 
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Table  2.  Tht  cffccn  of  treummt  wid«  BwJmRa  fmtmm  facciw 
(BPV).  vaccine  diluent,  f^tion  I5A>IB.  m  fiactini  1SA>I08A  w 
hiitamine  ieiuiciation  m  C7W  auce 


Treatment 

Mortality  after  histamioe  challenge 
(dcatha/teol! 

Experiment  1 

Diluent 

tfl 

BPV 

V> 

Fraction  DA- IB 

*  10/10 

Experiment  2 

Diluent 

0/16 

BPV 

IB/IB 

Fraction  DA-108A 

6/11 

Adjutmitey 

Adjuvancy  effects  of  BPV  and  B  /evTitffti -derived  fnnioat  oa  a  T-ccll.  independent 
antigen  were  assessed  using  heat-killed  B.  shttu  as  antigea.  Mice  injened  with  BP^ 
and  B  dbortm  produced  signi6cantly  higher  titers  oT antibody  against  B.  sUrtu  than 
mice  treated  with  either  a  combination  of  B.  sitrtu  and  I JA-IB  or  B.  sitnia  and 
15A-108A  (Table  4). 

DISCUSSION 

Morse  and  coworkers  observed  a  transient  leukocytotis  12b  after  treatment  of  mice 
with  BP\'  and  the)'  attributed  the  leukocytosis  totheaaivity  ofeodotoain  in  their  BPV 
preparation.'*^'”  In  addition,  splenomegaly  has  been  associated  with  the  presence  of 

Table  3 .  Splenomegaly  after  treatment  with  BenSMZr  fmaaii  vaccine 
(BPV).  vaccine  diluent,  fraction  1)A*1B.  or  ftanion  13A-I0SA  on 
histamine  tensituation  in  CFW  micr 


Spken  wetglK^iody  sreight 
No.  of  - - 


Treaimeni 

mice 

Mean 

SD 

Experimenc  1 

Diluent 

6 

4  4 

11 

BPV 

10 

12-6 

3  8* 

Fraction  DA-IB 

10 

6-0 

l-7» 

Experiment  2 

Diluent 

21 

4-3 

0-9 

BPV 

D 

12-6 

2lt 

Fraction  DA-108A 

28 

31 

1  It 

*  Mnni  were  tisniArtnily  differem  (ran  ditimi  csntral  by  Studnii'i  r-it«. 
P  <  O  OJ 

t  Meant  wetr  iifnificanily  dilfrrtot  ftwB  dilutai  coocral  by  Srtint'i  r-mi, 
P  <  0  03 
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Table  4.  Adjuv«ni  Ktiviry  of  BtrAttlU  pirtmta  Mtriar  (BPV).  vKcinr  dilucw.  finaion 

DA- IB  Of  fnction  ISA-IOBA 


Aoti-B.  oAota  lint 


Treatment 

• 

Moms 

SO 

Experiment  1 

Diluent 

39 

M 

BPV 

6-6 

2  5* 

Fraction  DA-IB 

35 

0-5* 

Experiment  2 

Diluent 

4-7 

1*9 

BPV 

6-9 

2-9t 

Fraettoh  DA-t08A 

5  0 

2-0 

*  Mnni  »rrr  iifnij.tntl)  diffrmw  SreA  dilurM  caouol  by  Snutm  tMBi. 

E  <  0  (» 

*  Mr>ru  »tt  tifmbcinrly  difffmu  from  dilunM  control  by  Student  tf-oai, 

E  <  om 

eneJotoxin/  Our  diti  luppon  thfit  hypofh«i»,  tince  thf  mdofoxin-dt6<i«fif  I5A- 
.  108A  did  nor  elkir  th«f  rMponte*. 

BPV  »ctj  u  »n  »diuv»nt  to  m*ny  tntigfns  in  vnrou*  tninul  »f*ci«.*^  It  i$  it«u«Jly 
molt  efffctivf  when  given  limultineouily  with  the  antigen.’^' **  Although  there  tie 
exfepfioni.’’  The  mechAniim  feip.5fuible  for  the  enhancing  effm  ofBPVonaiiiibody 
production  it  unclear  Reed  and  coworkera'*  luggewed  BPV  e.  -m  it*  eflecti  directly 
on  the  precursor  of  antibody-forming  celk  by  increating  their  rate  of  dnrision.  Finger 
and  co»orken’*  concluded  that  the  adjuvancy  reiponie  nrai  due  to  an  iocreased 
recruitment  of  antigen  responding  cells  and  proliferation  of  memory  cell*.  The 
adiuvancy  activity  of  B  prr/ari/j  endotoxin  may  be  dependent  on  the  type  of  antigen. 
Vogel  A  KJem  leponed  that  endotoxin  dtAtxfd  from  B  pteraiiu  hai  adjuvant  activiry  in 
an  /»  mn  pUque  assay  with  sheep  red  blood  celli.*”  Sultzer  ar>d  coworken  have  shown 
recently  that  the  e.ndotoxin-associated  proteins  of  B  gurraim  have  marked  adjuvant 
activity  *  i(h  cholera  enterotoxin/' In  contrast,  Monji  and  towo'kers  did  nor  observe 
adjuvant  activity  of  B  pr’imin  endotoxin  with  Hstmopf>i/iii  luflunzM*  type  b  capsular 
polysaccharide  One  has  to  consider  that  removal  of  the  oligomeric  protein  called 
pertussigen  (lymphocytosis  promoting  fanorj^*  *^  from  DA- IB  might  decrease  the 
•d|uvsni  activity  However,  the  adjuvant  activity  of  perracsigm  remains  u/Klear  also. 
Both  enhancement  and  suppression  of  an  antibody  response  by  yertussigen  has  been 
reported  Our  findings  that  the  detergent-treated  fractioo  DA-  lORA  had  decreased 
adjuvancy  activity  supports  a  role  for  endotoxin  and  possibly  mdotoxin-tssociated 
proreins  in  the  adjuvancy  phenomenon. 

The  development  of  a  relatively  inexpensive  acellular  B  pinauts  vaccine  with 
decreased  side  reactions  represents  a  tolution  to  many  of  the  curreni  problems 
encountered  with  the  clinical  'xuge  of  BPV  One  step  toward  rhis  goal  is  the 
preparation  of  an  acellular  vaccine  without  the  deleterious  immunomodulatory  activi¬ 
ties  of  w-hole  cell  BPV  Mec  Kan  isms  involved  in  immunooiodulation  by  BPV  hive  been 
defined,  but  the  overall  activities  of  these  mechanisms  in  the  Soat-parasite  relationship 
remains  unclear. 
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VPe  h<vr  dernorutratrd  thit  m  acellulat  (nction  c/BPV  dniRiurcd  1 5 A-  IB  elicited 
leveni  of  the  immunomoduletory  maiomastoci*ted  with  BPV.  Detergent  trcntment 
of  this  fraction  resulted  in  ■  preparation  with  reduced  leukocytosis  and  histamine 
Mnsitization  associated  with  pertussis  toxin  and  reduced  splettomegaly  and  adjuvant 
activity  usocisted  with  lipoplysaccharide,  yet  the  preparation  retained  protective 
activity  against  B  fitrtniiis  ittfection  of  the  mouse.  A  ponioo  of  the  decreased  pertussis 
toxin  activity  and  the  mouse  protective  activity  of  ))A>  IDS  may  be  due  to  adsorption  of 
I)A-I08A  to  aluminum  hydroxide  gel.  Fraction  15A-I08A  retained  the  antiviral 
activity  usociated  with  B  pirttatit  also.**  *^  Emulphogene  treatment  provides  a 
relatively  simple  method  for  removing  endotoxin  from  a  potential  acellular  B.  firtmstt 
vaccine. 
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